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Glossary of Selected Key Terms1  
 
Business as usual  A scenario of future greenhouse gas emissions that 

assumes that there would be no major changes in policies 
on mitigation. 

 
Carbon intensity The amount of emissions of CO2 per unit of gross 

domestic product (GDP) or per unit of energy generated. 
 
Carbon sink Parts of the carbon cycle – such as oceans or plants - that 

store carbon in various forms. 
 
Climate sensitivity  Is the measure of the climate system’s response to 

radiative forcing (see below). It is defined as the global 
average surface warming that will occur when the climate 
reaches equilibrium, following a doubling of CO2 
concentrations above pre-industrial levels. The IPCC’s 
best estimate of the global average surface warming that 
this would entail is about 3.0°C.  

 
CO2-equivalent (CO2-eq)  Carbon dioxide equivalent is a measure, based on CO2, 

that allows for the comparison of different greenhouse 
gases in terms of their global warming potential. 

CO2-equivalent  
concentration  A CO2-equivalent concentration is the concentration of 

CO2 that would cause the same amount of radiative 
forcing as a given mixture of CO2 and other forcing 
greenhouse gases.  

 
Global warming Global warming refers to the gradual increase in global 

surface temperature as one of the consequences of 
radiative forcing caused by anthropogenic emissions. 

 
Greenhouse gases Greenhouse gases (GHGs) are those gaseous constituents 

of the atmosphere, both natural and anthropogenic, that 
absorb and emit infrared radiation. This property causes 
the greenhouse effect. The primary GHGs in the 
atmosphere are water vapour, carbon dioxide, nitrous 
oxide, methane and ozone. 

 
Greenhouse effect GHGs both absorb and emit infrared radiation, including 

downwards to the earth’s surface. GHGs thus tend to trap 
heat in the atmosphere, somewhat like the panes of a 
greenhouse. The greenhouse effect provides a suitable 
temperature for life as we know it - on average, 14 
degrees Celsius. 

                                                 
1 This short glossary of selected key terms is principally derived from glossaries contained in the 
annexes of the 2007 Intergovernmental Panel on Climate Change Fourth Assessment, and the 2008 
Final Report of the Garnaut Climate Change Review. See the References section at the rear of this 
paper for further details.  
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Enhanced greenhouse effect. An enhancement of the 
greenhouse effect, brought about by human activities, 
whereby greenhouse gases are being released into the 
atmosphere at a greater rate than would occur through 
natural processes and thus their concentrations are 
increasing. Global warming is one of the consequences of 
the enhanced greenhouse effect. 

 
Holocene period The Holocene interglacial period is a geological epoch 

that began approximately 12-10,000 years ago, and within 
which period nearly all human civilisation has developed. 

 
Interglacial period The warm periods between ice age glaciations. The 

previous interglacial before the current one, dated 
approximately from 130,000 to 115,000, is referred to as 
the Last Interglacial. 

 
ppm (parts per million) ppm (parts per million) or ppb (parts per billion) is the 

ratio of the number of greenhouse gas molecules to the 
total number of molecules of dry air: eg., 385ppm means 
385 molecules of a greenhouse gas per million molecules 
of dry air. 

 
Radiative forcing A measure of the influence that a factor (such as CO2 

emissions) has on the energy balance of the climate 
system due to the absorption and emission of infrared and 
visible radiation. Positive forcing tends to warm the 
surface, while negative forcing tends to cool it.  

 
SRES emissions scenarios  SRES refers to the scenarios described in the IPCC 

Special Report on Emissions Scenarios, published in 
2000, and used as a basis for climate projections shown in 
the IPCC assessment reports. SRES scenarios are grouped 
into four families – A1, A2, B1 & B2 – that explore 
alternative development pathways, covering a range of 
demographic, economic and technological driving forces 
and resulting GHG emissions.  

 
SRES A1FI  Is one of the A1 family scenarios, and is the most fossil-

fuel intensive scenario in the SRES.  
 
Stabilisation  In the climate change context, keeping constant the 

atmospheric concentrations of one or more greenhouse 
gases (such as carbon dioxide) or of a carbon dioxide 
equivalent concentration of a mix of greenhouse gases. 

 
Thermal expansion Refers to the increase in volume that results from 

warming water. A warming of the ocean leads to an 
expansion of the ocean volume and hence an increase in 
sea level. 
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List of Acronyms  
 
 
ACE CRC  Antarctic Climate and Ecosystems Cooperative 

Research Centre  
 
CASPI  Climate Adaptation Science and Policy Initiative  
 
CDIAC  Carbon Dioxide Information Analysis Center, U.S. 

Department of Energy 
 
DMI Danish Meteorological Institute  
 
EIA  Energy Information Administration, U.S. Department of 

Energy  
 
GHG  Greenhouse Gas 
 
IPCC The Intergovernmental Panel on Climate Change  
 
NASA GISS The National Aeronautics and Space Administration 

Goddard Institute for Space Studies  
 
NOAA/ESRL National Oceanic and Atmospheric 

Administration/Earth System Research Laboratory, U.S. 
Department of Commerce 

 
NSIDC National Snow and Ice Data Center, Cooperative 

Institute for Research in Environmental Sciences  
 
OECD Organisation for Economic Cooperation and 

Development  
 
SRES IPCC Special Report on Emissions Scenarios 
 
UNEP United Nations Environmental Programme 
 
WMO  World Meteorological Organization  
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Introduction 
 
In 2007 the Intergovernmental Panel on Climate Change (‘the IPCC’) published its 
Fourth Assessment Report on global climate change, the most comprehensive review 
and analysis of the scientific research on climate change yet undertaken.2 The IPCC 
concluded that the warming of the planet’s surface is unequivocal, and it identified 
human activity as the principal driver of contemporary global warming.  
 
The IPCC has found that since 1750 human activities have led to the emission of 
higher and higher levels of carbon dioxide and other greenhouse gases (GHGs) into 
the atmosphere. Most of the growth in GHG emissions has occurred since 1970. Now 
the atmospheric concentrations of carbon dioxide, methane and nitrous oxide far 
exceed previous levels of these gases in the atmosphere for many thousands of years.3 
The IPCC implies that if we do not reverse the trend towards higher concentrations of 
GHGs in our atmosphere, the ultimate impact of climate change on human societies, 
eco-systems and species loss could be abrupt and irreversible. 
 
Over two years have passed since the deadline for inclusion of scientific papers in the 
IPCC’s Fourth Assessment.4 Research on climate change published in this period 
indicates that, far from easing or slowing down, climate change appears to be 
accelerating. According to this research some of the IPCC’s key projections on 
climate change now appear to represent underestimates. For example, recent 
observations and research show that actual emissions of carbon dioxide are currently 
tracking at the top end of, or beyond, the IPCC’s most fossil fuel intensive projections 
for the 21st century.5  
 
This overview paper presents key findings of research conducted by climate scientists 
from around the world, in the period following the IPCC Fourth Assessment. The 
initial context for this examination is the IPCC, and the paper begins, in section one, 
with a summary of key findings of the Fourth Assessment. Section one contains an 
introductory overview, presents selected key findings and IPCC projections, details 
some of the impacts of climate change on Australia as identified by the IPCC, and 
summarises key findings.  
 
Section two of the paper focuses on post-IPCC research on climate change. It 
provides an examination of recent research on carbon dioxide emissions, new 
observations and research on global average surface temperatures, and recent research 
on sea-level rise. It also includes recent work on climate change impacts on Australia 
and Victoria, and concludes with a summary of key findings. Members may wish to 
turn directly to the summaries of both sections for key results. 
 

                                                 
2 Published in four major parts, including the ‘Synthesis Report’, see Intergovernmental Panel on 
Climate Change (IPCC) (2007a) Climate Change 2007 – Synthesis Report, A Report of the 
Intergovernmental Panel on Climate Change, IPCC, viewed 20 August 2008, 
<http://www.ipcc.ch/index.htm>. 
3 ibid., p. 37. 
4 See IPCC Working Group 1: The Physical Science Basis of Climate Change (2006) WG 1 Fourth 
Assessment Report – Publication Deadlines, updated 1 July 2006, viewed 11 November 2008, 
<http://ipcc-wg1.ucar.edu/wg1/wg1_ar4.html>. 
5 See section 2.1 below. 
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A consistent message of the IPCC in its assessments has been that even developed 
world cultures, such as Australia, can expect to face serious challenges associated 
with climate change across the 21st century. A scenario of accelerating climate change 
would bring forward these challenges for policy makers, business and the broader 
community.  
 
It should be noted that this paper mainly confines itself to presenting the findings of 
research published in refereed scientific journals, and the work of the IPCC and 
summation reports, which are based on research published in scientific journals. It 
also includes reference to government reports, commissioned reports such as the 
Garnaut Review, the work of publicly funded research centres here and overseas, and 
some limited reference to media reporting. It does not attempt to evaluate the 
scientific methodologies or modelling which give rise to the findings presented. 
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1. Key Findings of The Intergovernmental Panel on Climate Change - 
Fourth Assessment 2007 

 
This section presents key findings of the IPCC Fourth Assessment published in 2007. 
 
1.1 Overview 
 
The Intergovernmental Panel on Climate Change was established in 1988 by the 
World Meteorological Organization and the United Nations Environment Programme 
to evaluate the risk of climate change. The IPCC is a scientific organisation, but does 
not itself conduct research – the work of the IPCC is informed by the published work 
in climate and related sciences around the world. The IPCC published its first 
assessment report in 1990, a second assessment in 1995, a third assessment in 2001, 
and its fourth and most recent assessment report was released in 2007.  
 
The findings of the IPCC over this period show increasing levels of confidence in two 
principal findings, viz: 
 

a) global warming, and 
b) the human contribution to global warming.  

 
The following information from the Fourth Assessment of the IPCC is extracted from 
the IPCC’s Synthesis Report, which was released in November 2007.  
 
The IPCC has concluded that: 

 
Warming of the climate system is now unequivocal, as is now evident from 
observations of increases in global average air and ocean temperatures, 
widespread melting of snow and ice and rising global average sea level.6 
 

The factors driving climate change are: changes in the atmospheric concentrations of 
greenhouse gases and aerosols; changes in land-use; and, less significantly, changes in 
solar radiation.  
 
The IPCC Synthesis Report identifies human activity as the principal driver of 
contemporary global warming. The increases in GHG emissions occur in the context 
of industrialisation, with the IPCC finding that global ‘GHG emissions due to human 
activities have grown since pre-industrial times, with an increase of 70% between 
1970 and 2004.’7  
 
The changes in global atmospheric concentrations of GHGs are profound both in 
terms of the human and geological records. The IPCC states that global ‘atmospheric 
concentrations of CO2, CH4 [methane] and N2O [nitrous oxide] have increased 
markedly as a result of human activities since 1750 and now far exceed pre-industrial 
values determined from ice cores spanning many thousands of years’.8  
 

                                                 
6 IPCC (2007a) op. cit., p. 30. 
7 ibid., p. 36. 
8 ibid., p. 37. 
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The IPCC goes further and states that the ‘atmospheric concentrations of CO2 and 
CH4 in 2005 exceed by far the natural range over the last 650,000 years.’9 The IPCC 
finds that global increases in CO2 concentrations are due primarily to fossil fuel use 
by humans, with land-use change (clearing) providing another significant 
contribution.10 
 
The IPCC states that there is no evidence to suggest that natural processes alone have 
produced global warming. Indeed, the IPCC concludes that during the past 50 years 
‘the sum of solar and volcanic forcings would likely have produced cooling, not 
warming.’11  
 
1.2 Key Findings 
 
Some key findings of the IPCC Fourth Assessment are as follows: 
 
 Eleven of the last twelve years (1995-2006) rank among the twelve warmest years 

in the instrumental record of global surface temperature since 1850 
 
 The 100 year linear warming trend for 1906-2005 is 0.74°C, while the 50 year 

linear warming trend for 1956-2005 is 0.13°C per decade – nearly twice that of 
the 100 year trend 

 
 The global atmospheric concentration of CO2 increased from about 280 parts per 

million (ppm) in 1750 to 379ppm in 2005 
 
 The annual growth rate of CO2 concentration in the atmosphere in the last decade 

(1995-2005) stands at 1.9ppm, compared to a rate of 1.4ppm per annum for the 
period 1960-2005 

 
 Temperature increase is widespread over the globe and is greater at northern 

latitudes, with average Arctic temperatures having increased at almost twice the 
global average rate over the last 100 years12 

 
The IPCC also reported that while land regions have warmed faster than oceans, the 
temperature of the global ocean has increased to depths of at least 3,000 metres – the 
oceans have absorbed over 80 per cent of the heat added to the climate system. The 
sea level itself rose at an average of 1.8mm per annum for the period 1961 to 2003, 
but at the much higher rate of about 3.1mm per annum for the period 1993 to 2003.  
 
Since 1993 thermal expansion of the oceans has contributed about 57 per cent of total 
sea level rise, with glacier and ice cap melts contributing about 28 per cent, with the 
remainder contributed from polar ice sheet losses.13 
                                                 
9 ibid. 
10 CO2 emissions from cement production have also risen significantly since the 1970s. See G. Marland 
et al. (2008a) ‘Global, Regional and National CO2 Emissions - Global Fossil Fuel CO2 Emissions’, in 
Trends: A Compendium of Data on Global Change, Carbon Dioxide Information Analysis Center, U.S. 
Department of Energy, Oak Ridge, Tenn., viewed 9 September 2008, 
<http://cdiac.ornl.gov/trends/emis/tre_glob.html>. 
11 IPCC (2007a) op. cit., p. 39. 
12 ibid., pp. 30, 37. 
13 ibid., p. 30. 
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In other findings the IPCC reported that: 
 
 Balloon and satellite measurements of lower and mid-tropospheric temperatures 

show warming rates similar to those at the surface14  
 
 Satellite data since 1978 show the annual average Arctic sea ice extent has shrunk 

by 2.7 per cent per decade, while both mountain glaciers and snow cover on 
average have declined in both hemispheres 

 
 Average Northern Hemisphere temperatures during the second half of the 20th 

century were very likely higher than any 50 year period in the last 500 years, and 
likely the highest in at least the last 1,300 years15 

 
The IPCC also detailed other impacts of climate change that have already been 
observed. The IPCC reports recent research showing ‘that discernible human 
influences extend beyond average temperature to other aspects of climate, including 
temperature extremes and wind patterns.’16 Human activity has, very likely, led to the 
increased temperatures of extreme hot nights, cold days and cold nights. It is likely 
that heat waves are more frequent, that the incidence of extreme sea level rise has 
increased, and that the areas affected by drought have increased. Precipitation has 
increased in some parts of the globe – for example, in the eastern parts of North and 
South America – and decreased in others, such as the Mediterranean and southern 
Asia. 
 
The IPCC also states that: ‘Anthropogenic warming over the last three decades has 
likely had a discernible influence at the global scale on observed changes in many 
physical and biological systems.’17 There is very high confidence that ‘recent 
warming is strongly affecting terrestrial biological systems, ...’, and high confidence 
‘that observed changes in marine and freshwater biological systems are associated 
with rising water temperatures…’.18  
 
The IPCC Fourth Assessment also provided projections of future changes in the 
climate system. The IPCC concludes that with current policies and practices 
unchanged ‘global GHG emissions will continue to grow over the next few 
decades.’19 In terms of warming the IPCC states that for ‘the next two decades a 
warming of about 0.2°C per decade is projected for a range of SRES emissions 
scenarios.’20  

                                                 
14 The troposphere is the lowest part of the atmosphere, from the surface to about 10 km in altitude at 
mid-latitudes. 
15 IPCC (2007a) op. cit., p. 30. 
16 ibid., p. 40. 
17 ibid., p. 41. 
18 ibid., p. 33. Observed changes in natural systems include earlier timing of spring events, such as bird 
migration and egg-laying, and latitude shifts in the ranges for some plant and animal species. The 
oceans have experienced similar levels of change. 
19 ibid., p. 44. 
20 ibid., p. 45. ‘SRES’ refers to the scenarios described in the IPCC Special Report on Emissions 
Scenarios, and used as a basis for climate projections in the IPCC assessment reports. See 
Intergovernmental Panel on Climate Change (2000) IPCC Special Report Emissions Scenarios: 
Summary for Policymakers, WG III, IPCC, viewed 20 August 2008, 
<http://www.ipcc.ch/ipccreports/sres/emission/001.htm>. 
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The IPCC goes on to say that continued ‘GHG emissions at or above current rates 
would cause further warming and induce many changes in the global climate system 
during the 21st century that would very likely be larger than those observed during the 
20th century.’21 In terms of the longer term scenario, the IPCC states that: 
‘Anthropogenic warming and sea level rise would continue for centuries due to the 
time scales associated with climate processes and feedbacks, even if GHG 
concentrations were to be stabilised.’22  
 
1.3 IPCC Projections 
 
The IPCC provides projections of estimated future changes in temperature and sea 
level based on the SRES emission scenarios, which allow for a range of global 
economic and political futures.  The IPCC estimates: 
 
 CO2 emissions from energy use between 2000 and 2030 to grow by 40 to 110 per 

cent over that period 
 
 Global average surface air warming for the period 1990 to 2100, to increase by 

between 1.8°C and 4.0°C 
 
 The sea level to rise between 0.18m and 0.59m for the period 1990 to 210023  

 
IPCC projections on temperature change provide both ‘best estimates’ and ‘likely 
ranges’, such as the A1FI scenario, which has a best estimate of 4.0°C by 2100, with a 
likely range of 2.4 to 6.4°C.24 Sea-level rise projections are based on a model-based 
range, which excludes future dynamical changes in ice flow.25 
 
The IPCC projections also identify likely regional-scale changes: warming is expected 
to be greatest over land and at most high northern latitudes; snow cover will contract; 
sea ice will continue to shrink; heat waves and heavy rain events will become more 
frequent; storm activity will likely increase; and, precipitation will likely decrease in 
subtropical regions.  
 
In terms of global ecology the IPCC concludes that the ‘resilience of many 
ecosystems is likely to be exceeded this century by an unprecedented combination of 
climate change, associated disturbances…and other global change drivers…’.26  
 
The IPCC states that approximately ‘20 to 30% of plant and animal species assessed 
so far are likely to be at increased risk of extinction if increases in global average 
temperatures exceed 1.5 to 2.5ºC.’27 In addition, the oceans are expected to become 
more acidic – progressive acidification of oceans will have negative impacts on 
marine shell-forming organisms. 

                                                 
21 IPCC (2007a) op. cit., p. 45. 
22 ibid., p. 46. 
23 ibid., pp. 44-45. 
24 ibid., p. 45. 
25 For explanations of the different SRES scenarios see the Glossary above, and IPCC (2000) op. cit. 
26 IPCC (2007a) op. cit., p. 48. 
27 ibid. 
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1.4 Impacts on Australia 
 
In terms of Australia, the IPCC’s Working Group II has reported the following 
observed climate changes, projections and likely future impacts.28 In Australia in the 
period 1910 to 2004, the average maximum temperature rose 0.6°C and the minimum 
temperature rose 1.2°C. Since 1950 there has been a 0.4° to 0.7°C warming overall, 
with more heatwaves, fewer frosts, less rain in southern and eastern Australia, and an 
increase in drought intensity.29 Other observed changes include the following: 
 
 From 1957 to 2004 there has been an increase in the frequency of hot days and 

nights, and a decrease in cold days and nights 
 
 South east snow depths at the start of October have declined 40 per cent in the 

past 40 years 
 
 Relative sea level rise averaged 1.2mm per year from 1920 to 2000, with a rise in 

sea level of 70mm since 195030 
 
According to the IPCC, some species and natural systems are already showing 
evidence of recent climate-associated change. 
 
Water demand increased by 65 per cent from 1985 to 1996, and energy consumption 
has increased 2.5 per cent per year over the past 20 years.31  
 
The IPCC also made a series of projections in relation to Australia. Using 1990 as a 
base year, within 800km of the coast there will be a mean warming of between 0.1 to 
1.3˚C by the year 2020, 0.3 to 3.4˚C by 2050, and 0.4 to 6.7˚C by 2080. There is a 
tendency for a decrease in the average rainfall over most of southern and sub-tropical 
Australia, with an associated decline in run-off in southern and eastern Australia. 
Potential evaporation is likely to increase.  
 
Other likely outcomes include: 
 
 Up to 20 per cent more droughts are simulated over most of Australia by 2030 and 

up to 80 per cent more by 2070 in south-western Australia 
 
 In south-east Australia, the frequency of very high and extreme fire danger days is 

likely to increase by 4 to 25 per cent by 2020 and by 15 to 70 per cent by 2050 
 
In addition, the area of mainland Australia with at least one day of snow cover per 
year is likely to shrink by 10 to 40 per cent by 2020.32 
 

                                                 
28 See K. Hennessy et al. (2007) Australia and New Zealand – Climate Change 2007: Impacts, 
Adaptation and Vulnerability, Contribution of Working Group II to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change, M. L. Parry et al. Eds., Cambridge, Cambridge 
University Press, pp. 507-540. 
29 ibid., pp. 509-510. 
30 ibid., pp. 509-512. 
31 ibid. 
32 ibid., pp. 514-15. 
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The IPCC also identified other future likely impacts of climate change on Australia. 
The IPCC states that: by 2020 there is likely to be a loss of biodiversity in sites such 
as the Great Barrier Reef and Queensland Wet Tropics; by 2030 water security 
problems are likely to intensify in southern and eastern Australia, and production 
from agriculture and forestry is likely to decline due to drought and fire; and, by 2050 
the risks of flooding and storms are likely to increase for coastal communities.  
 
In relation to the Murray-Darling Basin, the IPCC concluded that by 2020 there is a 
50 per cent chance of the average salinity in the lower Murray River exceeding the 
800 EC threshold for drinking and irrigation water.33 The IPCC also projected that 
annual stream flow in the Basin, which accounts for 70 per cent of irrigated crops and 
pastures in Australia, is likely to fall 10 to 25 per cent by 2050 and 16 to 48 per cent 
by 2100.34 

                                                 
33 800 EC (electrical conductivity) is the World Health Organisation upper limit for desirable drinking 
water. 
34 Hennessy et al. (2007) op. cit., pp. 509, 515-21. 
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1.5 Summary of Key IPCC Findings  
 
The IPCC concludes that warming of the climate system is now unequivocal, and that 
the principal driver of contemporary global warming is human activity. In terms of the 
four major climate change indicators of GHG emissions, global average temperature, 
sea level rise, and snow and ice extent, the IPCC finds the following.35 
 
GHG Emissions 
Global GHG emissions due to human activities have grown since pre-industrial times, 
with an increase of 70 per cent between 1970 and 2004. Atmospheric concentrations 
of carbon dioxide and methane in 2005 exceed by far the natural range for these 
GHGs over the last 650,000 years. Carbon dioxide is the most important 
anthropogenic GHG and global increases in CO2 concentrations are due primarily to 
fossil fuel use. The annual growth rate of CO2 concentration in the atmosphere in the 
last decade (1995-2005) stands at 1.9ppm, compared to a rate of 1.4ppm per annum 
for the period 1960-2005, while CO2 emissions from energy use between 2000 and 
2030 are projected to grow by 40 to 110 per cent over that period. 
 
Global Average Temperature 
The 100 year linear warming trend for 1906-2005 is 0.74°C, while the 50 year linear 
warming trend for 1956-2005 is 0.13°C per decade. The average Northern 
Hemisphere temperatures during the second half of the 20th century were likely the 
highest in at least the last 1,300 years. Over the next two decades a warming of about 
0.2°C per decade is projected for a range of SRES emissions scenarios. Using 1990 as 
the base year, projections show global warming of between 1.8°C and 4.0°C by the 
end of the 21st century. 
 
Sea-Level Rise 
Increases in sea level are consistent with global warming. The sea level rose at an 
average of 1.8mm per annum for the period 1961 to 2003, but at the much higher rate 
of 3.1mm per annum for the period 1993 to 2003. Since 1993 thermal expansion of 
the oceans has contributed about 57 per cent of total sea level rise, with glacier and 
ice cap melts contributing about 28 per cent, with the remainder contributed from 
polar ice sheet losses. The temperature of the global ocean has increased to depths of 
at least 3,000 metres. The sea level is projected to rise between 0.18m and 0.59m 
from 1990 to 2100. 
 
Snow and Ice Extent 
Observed decreases in snow and ice extent are consistent with global warming. 
Satellite data since 1978 show the annual average Arctic sea ice extent has shrunk by 
2.7 per cent per decade. Mountain glaciers and snow cover on average have declined 
in both hemispheres and are projected to further contract. The maximum extent of 
seasonally frozen ground has decreased by about 7 per cent in the Northern 
Hemisphere since 1900. Sea ice is projected to shrink with some projections showing 
late summer Arctic sea ice disappearing almost entirely by the latter part of the 
century. 
                                                 
35 It should be noted that this presentation is necessarily selective. For a further overview of key 
findings see Intergovernmental Panel on Climate Change (2007b) Climate Change 2007: Synthesis 
Report – Summary for Policymakers, An Assessment of the Intergovernmental Panel on Climate 
Change, IPCC, viewed 20 August 2008, <http://www.ipcc.ch/index.htm>. 
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Impacts on Australia  
The IPCC has observed the following impacts of climate change on Australia and 
made projections as follows: Since 1950 there has been a 0.4° to 0.7°C warming 
overall. Relative sea level rise averaged 1.2mm per year from 1920 to 2000, with a 
rise in sea level of 70mm since 1950. South-east snow depths at the start of October 
declined 40 per cent in the past 40 years. It is likely that up to 20 per cent more 
droughts will occur over most of Australia by 2030. In south-east Australia the 
frequency of very high and extreme fire danger days is likely to increase by 4 to 25 
per cent by 2020. Annual stream flow in the Murray Darling Basin is likely to fall 10 
to 25 per cent by 2050.  
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2. Post-IPCC Research on Climate Change 
 
This section addresses the research on climate change that has emerged in the post-
IPCC period. It focuses on three principal areas: carbon dioxide emissions, global 
average surface temperatures, and sea-level rise. It also includes an overview of recent 
observations and projections on climate change in relation to Australia and Victoria. 
 
2.1 The Rapid Increase in Carbon Dioxide Emissions 
 
As already noted, the most significant single contributor to human induced climate 
change is the emission of carbon dioxide from fossil fuel use. The growth rate of 
human produced CO2 in the atmosphere is rapidly increasing in the 21st century. 
Indeed, research published in the aftermath of the IPCC report confirms that there has 
been a startling transformation upwards in the average rate of fossil fuel and cement 
emissions growth from the period of 1990s to that of the 2000s.  
 
Canadell et al. show that from 1990 to 1999 the average rate of fossil fuel and cement 
emissions growth was 1.3 per cent per year: in the period 2000-2006 the average rate 
of growth has ballooned out to 3.3 per cent per year.36 Far from reversing or 
containing emissions growth around the planet, fossil fuel and cement emissions in 
2006 were 35 per cent higher than they were in 1990.37 According to the latest report 
from the Global Carbon Project, published in September 2008, fossil fuel and cement 
emissions growth is now running at 3.5 per cent per year.38 
 
In the most recent published data set available from the U.S. Carbon Dioxide 
Information Analysis Center (CDIAC), the year 2005 saw a fossil-fuel carbon 
emission estimate of 7,985 million metric tons of carbon released to the atmosphere, 
the highest on record to that year, and a 3.8 per cent increase from 2004.39 In addition, 
in preliminary figures released by the CDIAC in September 2008, global CO2 fossil-
fuel emissions totalled over 8,470 million metric tons of CO2 in 2007, easily eclipsing 
2005 as the highest release of CO2 into the atmosphere on record.40  
 
Countries have only slowly been reducing their carbon intensity; that is, the amount of 
CO2 emitted per unit of GDP (or per unit of energy) used in their economies. 
According to Raupach et al., no region of the planet is engaged in decarbonising its 
energy supply.41 The CO2 emissions growth rate since 2000 has been near the upper 
                                                 
36 See J. Canadell et al. (2007) ‘Contributions to accelerating atmospheric CO2 growth from economic 
activity, carbon intensity, and efficiency of natural sinks’, PNAS, Early Edition, viewed 16 September 
2008, <www.pnas.org/cgi/doi/10.1073/pnas.0702737104>, p. 1. 
37 ibid.  
38 Global Carbon Project (2008) Carbon Budget and Trends 2007, Global Carbon Project, Earth 
System Science Partnership (ESSP), viewed 28 October 2008, <http://www.globalcarbonproject.org/>. 
39 See G. Marland et al. (2008b) ‘Global, Regional and National Fossil Fuel CO2 Emissions’, in 
Trends: A Compendium of Data on Global Change, Carbon Dioxide Information Analysis Center, U.S. 
Department of Energy, Oak Ridge, Tenn., viewed 9 September 2008, 
<http://cdiac.ornl.gov/trends/emis/overview.html>. 
40 While preliminary, the CDIAC regard these statistics as a good estimation of recent trends, see 
Carbon Dioxide Information Analysis Center (2008) ‘New Climate Change Products - September 
2008’, U.S. Department of Energy, Oak Ridge, Tenn., viewed 24 October 2008, 
<http://cdiac.ornl.gov/whatsnew.html>. 
41 M. Raupach et al. (2007) ‘Global and regional drivers of accelerating CO2 emissions’, PNAS, June 
2007, vol. 104, no. 24, pp. 10288-10293. 
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edge of the envelope of the projections contained in the IPCC’s emissions scenarios 
(the SRES series), including the most emissions intensive scenario, A1FI. Emissions 
since 2000 are also well above the IPCC’s mean stabilisation trajectories for 
stabilisation of CO2 at either 450 or 650ppm.42 
 
As shown above, the IPCC Fourth Assessment reported that atmospheric 
concentrations of CO2 had increased from about 280ppm in 1750 to 379ppm in 2005. 
Data published by the U.S. National Oceanic & Atmospheric Administration shows 
that in 2008 the concentration has increased to approximately 385ppm, and is rising at 
a rate of about 2ppm per year.43  
 
The present concentration of CO2 in the atmosphere is the highest during the last 
650,000 years, and possibly during the last 20 million years. The current growth rate 
is not simply the highest since the beginning of monitoring in 1959. It also represents 
an historic moment in the modern narrative of global emissions: the seven year 
increase in atmospheric CO2 from 2000 to 2006 is the most rapid increase since the 
beginning of the industrial revolution itself.44  
 
As Raupach et al. have illustrated for the period 1990-2010, actual emissions of 
carbon dioxide are currently tracking at the top end of, or beyond, IPCC emissions 
scenarios and well beyond stabilisation trajectories.45 As the Federal Government’s 
recent Green Paper declares: ‘If emissions continue to increase at the current rate, the 
concentration or stock of greenhouse gases in the atmosphere will be around 1000 
part per million (ppm) of carbon dioxide equivalent (CO2-e) in the second half of the 
century’.46 Such a concentration, says the Green Paper, will have severe impacts on 
the environment.47 
 
As stated, the dominant cause of this rapid growth in CO2 concentrations in the 
atmosphere since 2000 is emissions of CO2, based on fossil fuel use and land use 
change. A principal driver of emissions growth has been the rapidly growing global 
economy, associated with an increase in the global population. The IPCC had 
postulated that the amount of CO2 emissions produced per unit of gross domestic 
product, known as ‘carbon intensity’, would continue to lessen over time.  
 
However, the observed decline in carbon intensity in the late 20th century has been 
slowing in recent years. According to Garnaut, the global carbon intensity trend has 
flattened in the 2000s.48 Moreover the previously steady decline in energy intensity 
(energy consumed per unit of economic activity) also appears to be slowing.49 
 

                                                 
42 ibid., p. 10289. 
43 P. Tans (2008) NOAA/ESRL, viewed 9 September 2008, <www.esrl.noaa.gov/gmd/ccgg/trends>. 
44 Canadell et al. (2007) op. cit., pp. 1-3. 
45 See Raupach et al. (2007) op. cit., p. 10289. Actual emissions are derived from two data sets – the 
U.S. Department of Energy, Energy Information Administration (EIA), and the U.S. Department of 
Energy, Carbon Dioxide Information Analysis Center (CDIAC). 
46 Department of Climate Change (2008) Carbon Pollution Reduction Scheme - Green Paper: 
Summary, Canberra, Australian Government, p. 3. 
47 ibid. 
48 R. Garnaut (2008) The Garnaut Climate Change Review: Final Report, Melbourne, Cambridge 
University Press, viewed 16 October 2008, <http://www.garnautreview.org.au/index.htm>, p. 57. 
49 Raupach et al. (2007) op. cit., p. 10292; Canadell et al. (2007) op. cit., pp. 1-3. 
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A third factor in this unfolding high emissions scenario is the increase in the airborne 
fraction of CO2 emissions.50 There is some evidence that the fraction of total 
anthropogenic CO2 emissions remaining in the atmosphere is increasing, which 
indicates a decreasing efficiency of carbon sinks on land and in oceans in their 
capacity to absorb emissions.51  
 
In their recent study of the Southern Ocean sink, Le Quere et al. state that the sink has 
weakened between 1981 and 2004 due to increased winds resulting from human 
activities.52 The consequences of this weakening include a reduction in the efficiency 
of the Southern Ocean as a sink of CO2 in the short term and possibly a higher level of 
stabilisation of carbon dioxide in the atmosphere in the long term.53 The Global 
Carbon Project states that Southern Ocean sink efficiency has decreased by up to 30 
per cent over the last 20 years.54 
 
The dramatic recent growth of the world economy has been driven by the 
extraordinary growth in GDP experienced in the non-OECD countries, particularly 
China and India. As Garnaut shows, the growth rate in GDP of the non-OECD world 
was almost three times that of the OECD countries from 2000 to 2005 (an average 
annual growth rate of 6.2 per cent for the non-OECD, compared to 2.1 per cent for the 
OECD).55  
 
Current high GDP growth in the non-OECD world does need to be seen in the context 
of a low starting base of economic activity. Nevertheless, such growth has been 
associated with very high levels of CO2 emissions in the early 21st century: non-
OECD emissions of CO2 have been growing at eight times the rate of OECD 
emissions since 2000, and, according to Garnaut, account for 85 per cent of the 
growth of global emissions in this period.56  
 
However, it is important to note that the non-OECD world has contributed only about 
one quarter of global cumulative emissions since the start of the industrial 
revolution.57 China is now the world’s largest emitter of GHGs, followed by the 
United States, and then the European Union. Australia ranks 13th by total GHG 
emissions produced, but is in the top three GHG emitting countries in the world on a 
per capita basis (with the United States and Canada).58 
 
The emergence of the non-OECD world as the centre of global economic growth in 
the early 21st century has had, and will continue to have, major implications for global 
emissions growth. Coal is more carbon-intensive than either oil or natural gas, and the 

                                                 
50 The Airborne Fraction (AF) is the ratio of the atmospheric CO2 increase in a given year to that year’s 
total emissions, and used to measure the relative efficiency of CO2 sinks. AF is a function of the 
biological and physical processes governing land–atmosphere and ocean–atmosphere CO2 exchanges, 
as well as the trajectory of anthropogenic CO2 emissions. See Canadell et al. (2007) op. cit., p. 2. 
51 ibid., pp. 1-3; cp., Raupach et al. (2007) op. cit., p. 10292. 
52 C. Le Quere et al. (2007) ‘Saturation of the Southern Ocean CO2 Sink Due to Recent Climate 
Change’, Science, vol. 316, no. 1735, DOI:10.1126/science.1136188, pp. 1735-1738. 
53 ibid., p. 1735. 
54 Global Carbon Project (2008) op. cit. 
55 Garnaut (2008) op. cit., p. 56. 
56 ibid. 
57 Raupach et al. (2007) op. cit., p. 10292. 
58 Garnaut (2008) op. cit., pp. 54-55. 
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non-OECD world is significantly more reliant on coal for energy than the OECD 
countries. Between 2000 and 2005 the developing world’s coal use increased by 9.5 
per cent per year. In 2005 61 per cent of the world’s coal consumption occurred in 
non-OECD countries: coal provides China with 63 per cent of its energy needs, 39 per 
cent of India’s requirements, but only 17 per cent for the rest of the world.59  
 
It is in this context of burgeoning emissions growth that the Garnaut Review 
developed two new sets of projections of global CO2 emissions growth rates: one, 
known as the ‘Platinum Age’ projection, covers the period up to 2030, while the 
other, known as the ‘reference case’ runs to 2100. The former projects carbon dioxide 
emissions growth of 3.1 per cent per annum to 2030, while the latter projects growth 
over that period at 3.0 per cent per annum.60  
 
Both projections are higher than the most fossil-fuel intensive scenario of the IPCC’s 
SRES series, A1FI. Post-SRES scenarios are also compared, but are also exceeded by 
both the Review’s projections. Garnaut concludes that in ‘the absence of unexpected 
dislocations in the global economy and in the absence of effective mitigation, 
emissions growth is unlikely to ease significantly over the next two decades.’61  
 
It is possible that the current global financial crisis will have a dampening effect on 
global economic activity, and thus on global GHG emissions. However, at the current 
rates of emission growth we are headed for a rapid doubling of the pre-industrial 
concentration of carbon dioxide in the atmosphere, particularly if the capacity of 
carbon sinks to absorb CO2 declines. 
 
As the previous section showed, global warming is inextricably tied to rises in the 
level of GHG concentrations in the atmosphere. According to the IPCC, a doubling of 
the concentration of carbon dioxide in the atmosphere above pre-industrial levels 
would lead, at equilibrium, to a rise at best estimate of about 3°C in global average 
surface temperature.62 The Climate Institute and others have stated that such a rise in 
global average surface temperature carries the risk of dangerous climate change.63  
 
Indeed many commentators, such as Meinshausen, regard the doubling of CO2 
concentrations (or their equivalent) in the atmosphere from pre-industrial levels as 
well outside the range of acceptable risk, and instead have argued for an equilibrium 
target of approximately 450ppm.64 A target set at between 400 to 450ppm would 
                                                 
59 ibid., pp. 57-58. On the emergence of China as an economic power see G. Gardiner (2006) ‘The 
China Boom: Two-way trade between Victoria and the People's Republic of China’, Research Paper, 
No. 1, 2006, Melbourne, Parliamentary Library of Victoria. On China and India’s energy needs in the 
21st century see International Energy Agency (2007) World Energy Outlook 2007: China and India 
Insights, International Energy Agency, OECD Publishing, viewed 17 September 2008, 
<http://www.worldenergyoutlook.org/>. 
60 Garnaut (2008) op. cit., pp. 62-63. 
61 ibid., p. 63. 
62 IPCC (2007a) op. cit., p. 38. 
63 See Climate Adaptation Science and Policy Initiative (CASPI) (2007) Evidence of Accelerated 
Climate Change, Sydney, The Climate Institute, p. 4. 
64 See M. Meinshausen (2006) ‘What Does a 2°C Target Mean for Greenhouse Gas Concentrations? A 
Brief Analysis Based on Multi-Gas Emission Pathways and Several Climate Sensitivity Uncertainty 
Estimates’, in Avoiding Dangerous Climate Change, J.S. Schellnhuber, W. Ramer, N. Nakicenovic, 
T.M.L. Wigley and G. Yohe (eds) Cambridge, Cambridge University Press, pp. 265-279. See also, 
BBC News (2007) ‘Climate Change ‘can be tackled’’, Science Nature, viewed 11 September 2008, 
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translate into a rise in global average surface temperature of approximately 2°C. 
While Meinshausen and others do not rule out the risk of serious climate change at 
this level, there is far less risk of catastrophic changes in the climate system occurring 
if temperature rise can be stabilised at 2°C.65 The European Union has established 
2°C as its official ceiling target for global average surface temperature rise.66 
 
As Garnaut and others point out, with current rates of emissions growth the world is 
on target to move well beyond the range of 400 to 450ppm CO2 concentrations (or 
their equivalent) in the atmosphere in the 21st century.67 Weakening of carbon sinks, 
and other feedback factors are exacerbating this situation. Garnaut shows how global 
mitigation policies will need to be based, in part, on an understanding that we will 
inevitably ‘overshoot’ this target range before stabilisation (assuming that such 
policies are indeed put into place).68  
 
However, some climate scientists are sceptical about the efficacy of a 450ppm 
stabilisation range for preventing dangerous climate change. Hansen et al., in their 
recent work on climate change history and feedback systems, have argued that 
stabilisation of CO2 concentrations in the atmosphere needs to be much lower than 
this target to avoid catastrophic results.69 For Hansen et al., the current emissions 
trends, coupled with greater than previously thought feedback effects, will produce 
disastrous climate change impacts, including the release of methane from permafrost, 
and potentially the instigation of a climate instability, in which rapid ice melt occurs 
and sea levels rise dramatically. Hansen et al. argue that to avoid such risks we need 
to aim for a stabilisation level at around 350ppm or less.70  
 
Mitigation policies aimed at achieving such reductions would necessarily involve 
profound changes in the global economy. Moreover, achieving such a target would 
probably require the immediate global adoption of renewable energy sources, and the 
abandonment of fossil fuels for energy and transport. Hansen et al. conclude: 
‘Continued growth of greenhouse gas emissions, for just another decade, practically 
eliminates the possibility of near-term return of atmospheric composition beneath the 
tipping level for catastrophic effects.’71 
 

                                                                                                                                            
<http://news.bbc.co.uk/2/hi/science/nature/6620909.stm>; and, G. Lamb (2007) ‘A key threshold 
crossed’, The Christian Science Monitor, viewed 11 September 2008, 
<http://www.csmonitor.com/2007/1011/p11s01-wogi.html>. 
65 Meinshausen (2006) op. cit. 
66 Council of The European Union (2007) Presidency Conclusions, 7224/1/07, Brussels, p. 10. 
67 Garnaut (2008) op. cit., pp. 42-46; J. Hansen et al. (2008) ‘Target Atmospheric CO2: Where Should 
Humanity Aim?’, The Open Atmospheric Science Journal, vol. 2, doi:10.2174/1874282300802010217, 
pp. 217-231, viewed 10 September, <http://www.bentham-
open.org/pages/content.php?TOASCJ/2008/00000002/00000001/217TOASCJ.SGM>. 
68 Garnaut (2008) op. cit., pp. 46-48. 
69 J. Hansen et al. (2007b) ‘Climate change and trace gases’, Philosophical Transactions of the Royal 
Society, vol. 365, pp. 1925-1954; Hansen et al. (2008) op. cit.  
70 ibid., p. 13. 
71 ibid. 
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2.2 The Continuing Rise in Global Average Surface Temperature 
 
Global temperatures provide the most direct evidence that climate change is a 
contemporary event, not a distant future possibility. As shown in section one of this 
paper, the IPCC reported that in the last 100 years global average surface temperature 
had risen by 0.74°C, with most of this rise occurring in the last half century. The 
IPCC reported that the 50 year linear warming trend for 1956-2005 was 0.13°C per 
decade.  
 
While different datasets on global temperatures provide slightly differing results, 
recent observations and research shows that this warming trend is continuing.72 
Average global surface warming over the last century is now approaching 0.8°C, with 
the last 30 years showing the most significant rises of any period in the instrumental 
record.73 According to the NASA GISS dataset, the global average surface 
temperature has risen by approximately 0.6°C in just 30 years, an average increase of 
about 0.2°C per decade.74  
 
Using both the NASA GISS dataset and the UK’s Hadley Centre/Climate Research 
Unit dataset, Rahmstorf et al. found that global average surface temperature increase 
was 0.33°C in just 16 years since 1990, in the upper part of the range projected by the 
IPCC.75 In their study, Hansen et al. concluded that global temperature today is 
probably at or near its highest level in the whole of the Holocene period covering the 
last 10,000 years, and within 1°C of the Earth’s maximum temperature in the last one 
million years.76  
 
The most recent data show this warming trend is continuing apace, with the seven 
year period 2001-2007 showing a rise of 0.21°C above the decade 1991-2000, which 
was the hottest complete decade on record, and, through analyses of proxy climate 
series, the warmest complete decade of the millennium.77 According to the UK 
Climate Research Unit, twelve of the warmest years on record have all occurred in the 
last 13 years (1995-2007).78  
 
For both the NASA GISS dataset and the UK’s Hadley Centre/Climate Research Unit 
dataset, every year from 2001-2007 was warmer than every year from 1991-2000, 

                                                 
72 See NASA Goddard Institute for Space Studies (GISS) (2008a) GISS Surface Temperature Analysis, 
New York, NASA GISS, viewed 22 September 2008, <http://data.giss.nasa.gov/gistemp/>; UK 
Meteorology Office Hadley Centre (2008) Observations Datasets, UK Met Office, viewed 23 
September 2008, <http://hadobs.metoffice.com/hadcrut3/diagnostics/global/nh+sh/> and Climate 
Research Unit (CRU) (2008) ‘Global Temperature Record’, Information Sheet no. 1, CRU, University 
of East Anglia, viewed 22 September 2008, <http://www.cru.uea.ac.uk/cru/info/warming/>. 
73 See J. Hansen et al. (2006) ‘Global temperature change’, PNAS, vol. 103, no. 39, pp. 14288-14293; 
NASA GISS (2008a) op. cit.; cp. Garnaut (2008) op. cit., p. 78.  
74 NASA GISS (2008a) op. cit.; and Hansen et al. (2006) op. cit., p. 14288. 
75 S. Rahmstorf et al. (2007) ‘Recent Climate Observations Compared to Projections’, Science, vol. 
316, p. 709. 
76 Hansen et al. (2006) op. cit., p. 14291. 
77 CRU (2008) op. cit.  
78 ibid. See also NASA Goddard Institute for Space Studies (GISS) (2008b) ‘Global Temperature 
Trends: 2007 Summation’, GISS Surface Temperature Analysis, New York, NASA GISS, viewed 22 
September 2008, <http://data.giss.nasa.gov/gistemp/2007/>. 
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with the exception of 1998,79  which was affected by the major El Nino event of 1997-
1998. If this trend continues, then the first decade of the 21st century will easily 
supplant the last decade of the 20th century as the hottest decade on record.  
 
A combined global land and marine surface temperature record from 1850 to 2007 
has been compiled jointly by the Climatic Research Unit and the UK Meteorology 
Office Hadley Centre.80 This time series is based on temperatures expressed as 
anomalies for the period 1961-1990.81 It illustrates that, while year on year changes 
can be markedly different through the record, there is a clearly discernible trend 
upwards in global surface temperature over this period. 
 
It has been suggested that over the last decade there has been a decline in global 
surface temperature, but careful analysis shows that there is no substantive evidence 
for such assertions.82 Indeed it is apparent that there have been increasing average 
global surface temperatures over the 20th century, with a sharp rise in the last 30 
years. 
 
As stated previously, the IPCC projected global warming in the 21st century across a 
range of scenarios, with best estimate rises of between 1.8 and 4.0°C on 1990 values, 
by the end of the century.83 As mentioned, Rahmstorf et al. reported that temperature 
rise is near the upper limit of those projections. However, as we have seen in the 
previous section, emissions growth in the 2000s is currently outstripping even the 
most fossil fuel intensive of the IPCC’s scenarios, A1FI.  
 
The best estimate temperature change for A1FI on the 1990 base is 4°C by the end of 
the century, with a likely range of 2.4 to 6.4°C.84 Given the warming that has already 
occurred prior to 1990, such an outcome would translate to an approximately 4.5°C 
increase relative to the period 1850-1899.85 It has already been suggested that rises of 
such magnitude could lead to widespread species extinctions, loss of ice sheets and 
massive sea level rises, with widespread disruptions and dislocations to human 
communities.86  
 

                                                 
79 See NASA GISS (2008a) op. cit.; UK Meteorology Office Hadley Centre (2008) op. cit.; CRU 
(2008) op. cit. 
80 See CRU (2008) op. cit. 
81 The NASA GISS dataset employs a base period of 1951-1980, which therefore produces some 
differing results to the CRU/Hadley Centre dataset, such as the place of 2007 in the record - in the 
NASA GISS dataset 2007 is placed second of the warmest years on record. This is despite the fact that 
in 2007 the equatorial Pacific Ocean began the cool phase of its natural EL Nino-La Nina cycle. See 
NASA GISS (2008b) op. cit. 
82 See R. Fawcett (2007) ‘Has the world cooled since 1998?’, Bulletin of the Australian Meteorological 
and Oceanographic Society, vol. 20, no. 6, pp. 141-148. 
83 The base period is 1980-1999, see IPCC (2007a) op. cit., pp. 45-46. 
84 IPCC (2007a) op. cit., p. 45. 
85 ibid., p. 45, n. d). 
86 Hansen et al. (2006) op. cit. p. 14292.; J. Hansen et al. (2007a) ‘Dangerous human-made interference 
with climate: a GISS modelE study’, Atmospheric Chemistry and Physics, vol. 7, pp. 2287-2312; IPCC 
(2007a) op. cit., pp. 48-54; Hansen et al. (2008) op. cit. A temperature rise of 3°C could eliminate a 
majority of the planet’s species, while a rise of ~5°C could eliminate up to 90 per cent of all species. 
See M. Benton (2003) When Life Nearly Died, The Greatest Mass Extinction of all Time, London, 
Thames and Hudson; T. Flannery (2005) The Weather makers: the history and future impact of climate 
change, Melbourne, Text Publishing. 
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However, as we have seen, significantly lower average temperature increases than the 
rises under the A1FI scenario are regarded as dangerous. As Hansen et al. and others 
have shown, a rise of approximately 2-3°C on 1990 values is considered likely to fall 
within the category of ‘dangerous’ climate change by many scientists and scientific 
bodies.87 The UK’s Met Office regards a global warming of 2-3°C by century’s end as 
producing a climate change unprecedented in the last 10,000 years, and with 
disastrous results for people and ecosystems.88 According to the Australian Climate 
Institute a rise of 3°C in the 21st century would represent the highest global 
temperature rise in recent palaeoclimate history.89  
 
It is in this context that the recent intervention into the public debate on climate 
change by an OECD government appointed chief scientist is significant. In August 
this year Professor Bob Watson, chief scientific advisor to the UK Department for the 
Environment, Food and Rural Affairs, declared that the UK needed to begin planning 
now for the effects of a 4°C average global temperature rise on pre-industrial levels.90 
(Such a rise would equate to an approximately 3.5°C rise on 1990 values). 
 
Professor Watson said that while a 2°C target rise over pre-industrial levels was what 
should be aimed at, ‘we don’t know in detail how to limit greenhouse gas emissions to 
realise a 2 degree target’, and that we should be prepared to adapt to 4°C.91 His 
comments were supported by the UK government’s former chief scientific advisor, 
but criticised by other scientists, one of whom stated that accepting a 4°C change as 
likely was a ‘dangerous mindset’ to adopt, and that no science currently existed to 
show how we could adapt to a rise of 4°C.92 
 
However, an even more dire prediction concerning global temperature rise was made 
by Nobuo Tanaka, Executive Director of the International Energy Agency (IEA) in 
London on 12 November 2008, at the launch of the IEA’s World Energy Outlook 
(WEO) 2008. Mr. Tanaka stated that with current trends in energy supply and 
consumption being patently unsustainable, ‘greenhouse-gas emissions would be 
driven up inexorably, putting the world on track for an eventual global temperature 
increase of up to 6°C’.93 
 
 
 

                                                 
87 Although Hansen et al. assert that a rise of 1°C in the 21st century equates to dangerous climate 
change, see Hansen et al. (2007a) op. cit., p. 2304. 
88 UK Meteorology Office (2008) ‘Climate Change – Fact 5’, UK Met Office, viewed 23 September 
2008, <http://www.metoffice.gov.uk/corporate/pressoffice/myths/5.html>. 
89 CASPI (2007) op. cit., p. 3. 
90 J. Randerson (2008) ‘Climate change: Prepare for global temperature rise of 4C, warns top scientist’, 
The Guardian, 7 August.  
91 ibid. 
92 ibid. 
93 See International Energy Agency (IEA) (2008) ‘New Energy Realities – WEO Calls for Global 
Energy Revolution Despite Economic Crisis’, Press Releases, viewed 12 November 2008, 
<http://www.iea.org/Textbase/press/pressdetail.asp?PRESS_REL_ID=275>. 
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2.3 Accelerating Sea Level Rise  
 
Given the high concentration of human settlement situated on the coastlines and 
islands of the world, any substantial rise in average sea levels in the 21st century has 
the capacity to profoundly affect human civilisation. As Horton et al. note, despite 
remaining uncertainties concerning the range of possible sea level rise this century 
and beyond, sea level rise has ‘emerged as arguably the pre-eminent threat posed 
globally by climate change’.94  
 
As we have seen, the IPCC stated that the sea level rose at an average of 1.8+/-0.5mm 
per annum for the period 1961 to 2003, and at the higher rate of 3.1+/-0.7mm per 
annum for the period 1993 to 2003. The IPCC projected sea level rise of between 
0.18m and 0.59m from 1990 to 2100.  
 
It is important to note, however, that the IPCC projections did not include the full 
effects of changes in ice sheet flow.95 The projections did include a contribution from 
Greenland and Antarctica ice flows based on rates observed for 1993-2003, but did 
not include any potential growth in these rates in response to temperature increase 
across the 21st century. For this reason, the IPCC added the caveat that were the 
contribution of ice sheet flows from Greenland and Antarctica to grow linearly with 
global temperature change, the upper ranges of sea level rise for the SRES scenarios 
would increase by between 0.1 and 0.2m.96  
 
Research conducted in the aftermath of the IPCC Fourth Assessment suggests that the 
high rate of sea-level rise observed for the period 1993-2003 is unlikely to be 
anomalous. The most recent satellite data and tide gauge data indicate that average 
sea-level rise is now running at over 3mm per year. Rahmstorf et al. report satellite 
data showing a linear trend of 3.3+/-0.4mm/year average global sea-level rise for the 
period 1993-2006 (with tide gauge reconstruction only slightly less), while Beckley et 
al. obtain a global rate of 3.36+/-0.41mm/year for the period 1993-2007.97  
 
Recent analysis also shows that the rate of sea-level rise in the 20th century is 
probably the highest for the past 5,000 years.98 Moreover, sea-level rise is 
accelerating: the reconstruction of global mean sea-level back to 1870 finds a total 
rise for the period 1870 to 2004 of 195mm, and a 20th century average rate rise of 
1.7+/-0.3mm/year.99 The rate of sea-level rise since 1993 is almost double the average 

                                                 
94 R. Horton et al. (2008) ‘Sea level rise projections for current generation CGCMs based on the semi-
empirical method’, Geophysical Research Letters, vol. 35, L02715, doi:10.1029/2007GL032486, p. 1. 
95 See IPCC (2007a) op. cit., p. 45. The IPCC was criticised for this approach, see W. Pyper (2007) 
‘Preparing for sea-level rise’, ECOS, vol. 137, Jun-Jul, pp. 14-17. 
96 IPCC (2007a) op. cit., p. 45.  
97 Rahmstorf et al. (2007) op. cit., p. 709; B. Beckley et al. (2007) ‘A reassessment of global and 
regional mean sea level trends from TOPEX and Jason-1 altimetry based on revised reference frame 
and orbits’, Geophysical Research Letters, vol. 34, L14608, doi:10.1029/2007GL030002, 2007, p. 1. 
See also J. Church et al. (2008) ‘Understanding global sea levels: past, present and future’, Sustain Sci, 
vol. 3, DOI 10.1007/s11625-008-0042-4, pp. 9, 11. 
98 Antarctic Climate & Ecosystems Cooperative Research Centre (ACE CRC) (2008a) ‘Position 
Analysis: climate change, sea-level rise and extreme events – Impacts and Adaptation Issues’, Hobart, 
ACE CRC, p. 5. 
99 J. Church and N. White (2006) ‘A 20th century acceleration in global sea-level rise’, Geophysical 
Research Letters, vol. 33, L01602, doi:10.1029/2005GL024826, 2006, p. 1. 
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rate of rise during the 20th century.100 Observers have concluded that sea levels are 
currently tracking at the upper limit of the IPCC projections.101  
 
Sea-level rise measured by a combination of tide gauge data and satellite data 
covering the period from 1870 to 2005 shows average global sea-level rise was almost 
0.2 metres.102 The largest contributors to sea-level rise are thermal expansion of the 
oceans and the melting of ice caps and glaciers (excluding the Greenland and 
Antarctic ice sheets, which so far have contributed much smaller amounts). With the 
recent work of Domingues et al., thermal expansion is now better understood and 
better estimated.103 This research finds that the rate of ocean warming and thermal 
expansion for the period 1961-2003 is about 50 per cent larger than earlier 
estimates.104  
 
With respect to glacier and ice cap melt, Meier et al. have recently shown that current 
ice loss to the sea accounts for virtually all the sea-level rise that is not attributable to 
ocean warming – about 60 per cent of this ice loss is from glaciers and ice caps rather 
than the two ice sheets of Greenland and Antarctica.105 This research also finds that 
the contribution of smaller glaciers to sea-level rise has accelerated over the last 
decade.  
 
Research results published in the IPCC and post-IPCC period also indicate a more 
complete understanding of the history of sea-level fluctuations. Sea-levels have varied 
by over 120 metres during glacial/interglacial cycles. Following the last glacial 
maximum, about 20,000 years ago, the sea level rose by more than 120 metres, at an 
average rate of 1 metre per century.106 However, there has been little net rise in sea-
levels over the last several thousand years, until the 19th and 20th centuries.  
 
During the last interglacial period, approximately 130 to 115 thousand years ago, 
global mean surface temperatures were at least 2°C warmer than present, with mean 
sea levels standing 4 to 6 metres higher than the current sea-level.107 An important 
contribution to then sea levels came from a reduction of the Greenland ice sheet. 
Rohling et al. find that the average rate of sea-level rise in the period of the last 
interglacial was 1.6 metres per century. These findings are important since they 
indicate the potential rapid rates of sea-level rise that can occur in a warming 
environment.108 The related analysis of Carlson et al. supports this indication.109 
                                                 
100 Church et al. (2008) op. cit., p. 11; cp. Rahmstorf et al. (2007) op. cit., p. 709. 
101 Antarctic Climate & Ecosystems Cooperative Research Centre (ACE CRC) (2008b) ‘Briefing: a 
post-IPCC AR4 update on sea-level rise’, Hobart, ACE CRC, p. 3; Church et al. (2008) op. cit., p. 9; 
Rahmstorf et al. (2007) op. cit., p. 709. 
102 See Garnaut (2008) op. cit., p. 80. 
103 C. Domingues et al. (2008) ‘Improved estimates of upper-ocean warming and multi-decadal sea-
level rise’, Nature, vol. 453, doi:10.1038/nature07080, pp. 1090-1093. 
104 ibid., p. 1090. The authors of this paper stated that, in the IPCC Fourth Assessment about half of the 
total sea-level rise of 3.1mm/year was explained by thermal expansion, while their new research 
indicates that thermal expansion only explains about 25-30 per cent of the total sea-level rise for that 
period. Personal communication with G. Gardiner, 31 October 2008. 
105 M. Meier et al. (2007) ‘Glaciers Dominate Eustatic Sea-Level Rise in the 21st Century’, Science, 
vol. 317, no. 5841, pp. 1064-1067. 
106 Church et al. (2008) op. cit., pp. 9-10. 
107 E. Rohling et al. (2008) ‘High rates of sea-level rise during the last interglacial period’, Nature 
Geoscience, vol. 1, doi:10.1038/ngeo.2007.28, pp. 38-42. 
108 ibid., p. 41. 
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While the understanding and analysis of sea-level rise has been increasing, there 
remains significant uncertainty concerning sea level rise projections in the 21st 
century. As indicated above, recent research suggests that the IPCC projections on 
sea-level rise may represent underestimates of the actual changes taking place.110 
Church et al. report growing concern that sea-level projections may well be biased 
low, and that observed sea-level rise from 1990 to the present is greater than most 
IPCC model projections.111 
 
A number of new studies have emerged in the post-IPCC period that provide new 
perspectives on sea-level rise projections. Rahmstorf proposes that the rate of sea 
level rise is approximately proportional to the magnitude of warming above pre-
industrial temperatures (that is, a proportionality constant of 3.4mm/year per degree 
centrigrade).112 When applied to the IPCC warming scenarios this relationship results 
in a projected sea-level rise of between 0.5 and 1.4 metres above the 1990 level by 
2100, which is substantially beyond the upper range projected by the IPCC.113 
Rahmstorf cautions that a large uncertainty exists, and that it is difficult to say 
whether the linear assumption provides an accurate estimate of future sea level.114 
 
Horton et al. apply Rahmstorf’s semi-empirical approach to the latest generation of 
Coupled Global Climate Models (CGCMs), to produce a broader range of sea-level 
rise projections than the IPCC, but below the upper range of Rahmstorf.115 This 
research finds that sea-level increase by 2100 may be between 0.47 and 1.00 
metres.116 However, the authors also point out that recent observations of accelerating 
Arctic sea ice loss (see below) are beyond the levels predicted by most CGCMs, and 
if this trend continues their projections of sea-level rise may represent 
underestimates.117 
 
Rohling et al. conclude that their research on interglacial sea-level rise supports the 
plausibility of projections of 1.00+/-0.5 metres by 2100,118 while Meier et al. produce 
results suggesting that glacier melt alone may cause between a 0.1 and 0.25 metre sea-
level rise by 2100.119 Church et al. state that many scientists are also concerned that 
Greenland and Antarctic ice-sheet contributions to sea-level rise may have been 
underestimated.120 For example, the Danish Meteorological Institute in 2008 reports 
that new data on the Greenland ice sheet show rapid dynamical changes and large 
yearly variability in mass loss that had not been anticipated.121 Satellite measurements 

                                                                                                                                            
109 A. Carlson et al. (2008) ‘Rapid early Holocene deglaciation of the Laurentide ice sheet’, Nature 
Geoscience, vol. 1, doi:10.1038/ngeo285, pp. 620-624. 
110 ACE CRC (2008a) op. cit., p. 11; Church et al. (2008) op. cit., pp. 17-18. 
111 ibid., p. 18. 
112 S. Rahmstorf (2007) ‘A Semi-Empirical Approach to Projecting Future Sea-Level Rise’, Science, 
vol. 315, no. 368, DOI:10.1126/science.1135456, pp. 368-370. 
113 ibid. 
114 ibid., p. 370. 
115 Horton et al. (2008) op. cit. 
116 ibid., p. 2. 
117 ibid., p. 4. 
118 Rohling et al. (2008) op. cit., p. 41. 
119 Meier et al. (2007) op. cit. 
120 Church et al. (2008) op. cit., p. 17. 
121 G. Aoalgeirsdottir (2008) ‘Climate Change: Facts-Scenarios – What can we learn from the ice 
sheets’, Danish Climate Centre Report 08-06, Copenhagen, Danish Meteorological Institute, p. 6. 



Parliamentary Library Research Service 

22 

have revealed that from 2002 to 2006 Greenland lost between 150 and 250 cubic 
kilometres of ice per year.122  
 
A record melt of the Greenland ice sheet occurred in 2007, with up to 25-30 more 
days of melting and an estimated 30 per cent greater melt than the previous year.123 
The Institute concludes that observations on the Greenland ice sheet indicate that the 
ice is moving faster, the ice sheet is discharging more ice to the ocean than before, 
and that the increased temperature is causing longer melt seasons.124 For the Institute, 
climate projection models are being outstripped by the observed changes, and 
improved modelling of ice sheets coupled with climate models is necessary.125 
 
Some scientists have raised the possibility of a ‘non-linear’ collapse of an ice sheet in 
the 21st century, leading to dramatic upward changes in the global sea-level. A 
complete melt of the Greenland ice sheet would add seven metres to the global sea-
level.126 Hansen has argued that there is compelling satellite data to show that both the 
Antarctic and Greenland ice sheets are losing mass at substantial rates.127 He contends 
that the IPCC projections are inadequate and that under a ‘business as usual’ forcing 
in the 21st century, sea level rise will be dominated by ice sheet disintegration.128  
 
Hansen states that Greenland and Antarctic ice sheet melt is now close to 1 mm/year 
(1 cm/decade). Under a scenario of a doubling of this rate for each decade across the 
21st century, global sea levels can rise in the order of 5 metres by 2100.129 It should be 
noted that this high projection has been disputed as inconsistent with glacier 
dynamics.130 
 
Finally, the Arctic sea ice extent has become a key indicator of global warming in 
recent years. In 2007 a record low for Arctic sea ice extent was recorded. In October 
2008 the National Snow and Ice Data Center (NSIDC) in the United States reported 
that the Arctic sea ice extent during the 2008 melt season was the second lowest on 
record since measurements began in 1979.131  
 
The NSIDC stated that the 2008 September low was 34 per cent below the long term 
average from 1979 to 2000, and that in August the Artic Ocean lost more ice than any 
previous August on record.132 NSIDC lead scientist Ted Scambos said that the trend 
of decline in the Artic was continuing, and that the ‘Arctic is more vulnerable than 
ever’.133 
                                                 
122 ibid., p. 5. 
123 ibid., p. 6. 
124 ibid., p. 7. 
125 ibid. 
126 ACE CRC (2008b) op. cit., p. 6; Aoalgeirsdottir (2008) op. cit., p. 5. 
127 J. Hansen (2007) ‘Scientific reticence and sea level rise’, Environmental Research Letters, vol. 2, 
doi:10.1088/1748-9326/2/2/024002, IOP Publishing, p. 3. 
128 ibid., p. 4. 
129 ibid. 
130 See ACE CRC (2008a) op. cit., p. 11. 
131 National Snow and Ice Data Center (2008) Artic Sea Ice Down to Second-Lowest Extent: Likely 
Record-Low Volume, media release, NSIDC, Cooperative Institute for Research in Environmental 
Sciences, University of Colorado, viewed 2 October 2008, 
<http://nsidc.org/news/press/20081002_seaice_pressrelease.html>. 
132 ibid. 
133 ibid. 
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2.4 Australia and Victoria  
 
Recent observations on climate change in Australia are consistent with IPCC findings 
on Australia, and the emerging global trends in climate change outlined above.134 
Garnaut notes the following observed changes in Australia’s climate.135 Annual 
average temperature in Australia has increased by 0.9°C from 1910 to 2007.136 
Warming has not been uniform across the country, with the greatest warming in 
central Australia. However, in the south-east of the country average maximum 
temperatures have increased, and as a result droughts have become hotter, and water 
availability has reduced. There has been substantial warming of the oceans around 
Australia.137 
 
There has been a major change in rainfall patterns since the 1950s. While north-west 
Australia has seen an increase in annual rainfall, the eastern seaboard and the south-
west have witnessed significant decreases. In south-east Australia only one year in the 
period 1997 to 2007 had rainfall above the 1961-1990 annual average.138 Melbourne 
stream-flows have been below the long-term average every year since 1996.  
 
In terms of bushfire activity, for the period 1973 to 2007 there was a general increase 
in the Forest Fire Danger Index across the east and south-east of the country, with the 
trend worsening since 2000.139 Garnaut also reports research showing that heatwaves 
have increased in number and intensity since the 1950s, with Adelaide recording a 
record 15 consecutive days of 35°C or above in March 2008, and Melbourne 
recording its highest ever overnight minimum of 26.9°C.140 
 
According to the recent Victorian Government report, Climate Change in Victoria: 
2008 Summary, 2007 was the warmest year on record in Victoria, with a mean annual 
temperature 1.2°C above the long term average.141 The decade from 1998 to 2007 was 
exceptionally hot and dry, with an average daily maximum over the decade 0.6°C 
warmer than the 30 year average for 1961-1990.  
 
Rainfalls have decreased, with a 13 per cent decline over the period 1998-2007, 
compared with the 30 year average for 1961-1990. Rainfall was particularly low in 
central and south-west Victoria.142 A major impact of rainfall decline and temperature 
increase has been a reduction in surface water for storage. The reduction in yearly 
inflows into Melbourne’s major water storages is approximately 30 per cent over the 
last decade.143 
                                                 
134 Although readers will note some differences due to later scientific material and commissioned work 
being available to the Garnaut Review and the Victorian Government. 
135 The Garnaut Review reported recent observations on climate change in Australia, and provided new 
projections on Australia’s future climate developed by the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO), see Garnaut (2008) op. cit., ch. 5. 
136 ibid., p. 106. 
137 ibid., pp. 106-107. 
138 ibid., p. 108. 
139 ibid., p. 112. 
140 ibid. 
141 The report details climate change impacts on Victoria, and includes climate change projections 
prepared by the CSIRO, see Department of Sustainability and Environment (DSE) (2008) Climate 
Change in Victoria: 2008 Summary, DSE, Melbourne, Victorian Government. 
142 ibid., pp. 5, 7. 
143 ibid., p. 8. 
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In relation to projections on climate change in Australia, Garnaut reports that 
Australia would experience annual average temperature rises in parallel with rises in 
global average temperatures.144 However, there would be significant regional 
variation across Australia.  
 
 By 2030 annual average temperature over Australia would be about 1°C above 

1990 levels, with an uncertainty range of 0.4-1.8°C 
 
Coastal areas will see slightly less warming, with a rise of between 0.7-0.9°C. 
 
In a no-mitigation scenario, rainfall is expected to significantly decrease in the south-
east of the continent. Heatwaves will increase in frequency and duration – in a no-
mitigation scenario by 2030 the number of days 35°C and over will increase in all 
Australian cities.145 In addition, the fire season will begin earlier, end later and 
generally be more intense. By about 2034 the number of days with very high fire 
weather will increase by between 10 and 30 per cent, while the number of extreme 
fire days will rise by between 15 and 65 per cent.146 
 
According to the Victoria Government report cited above, Victoria is expected to 
warm at a slightly faster rate than the global average, particularly in the north and east 
of the state. The number of hot days will likely increase in frequency and intensity. 
 
 By 2030 average temperatures are expected to increase by approximately 0.8°C, 

while under a high emission growth scenario by 2070 the average temperature 
could increase by 2.7°C147  

 
Annual average rainfall is projected to decrease by 4 per cent by 2030, although the 
full range of model uncertainty is from -9 to +1 per cent.148 Warmer temperatures and 
reduced rainfall are likely to increase the risk of drought, the frequency of which is 
likely to rise by between 10 and 80 per cent in the southern half of the state and 
between 10 and 60 per cent in the northern half by 2070. Evaporation will also 
increase.149 
 
There is also likely to be a small increase in solar radiation reaching the ground due to 
cloud cover reduction, and projected changes in rainfall and rates of evaporation will 
result in less water flowing into catchments. Catchments in the north-east and south-
east may experience up to 30 per cent reductions in run-off by 2030, the north-west 
can expect decreases of between 5 and 45 per cent, while the south-west will face a 
run-off reduction of between 5 and 40 per cent.150 With warmer and drier weather, 
Victoria will experience an increase in the frequency and intensity of bushfires. By 
2020 the number of extreme fire days could increase by up to 40 per cent. The extent 
and duration of snow cover in the Alps could significantly decrease by 2020.151 
                                                 
144 Garnaut (2008) op. cit., p. 113. 
145 ibid., p. 117. 
146 ibid., p. 118. 
147 DSE (2008) op. cit., p. 9. 
148 ibid., p. 11. Cp. Garnaut (2008) op. cit., p. 116, who presents a slightly different range of -8.3 to -0.9 
per cent. 
149 DSE (2008) op. cit., p. 11. 
150 ibid., p. 13. 
151 ibid., p. 14. 



Parliamentary Library Research Service 

25 

Future Impacts 
While it has been the purpose of this paper to focus on the recent science concerning 
climate change, it is important to note that of all the developed countries Australia is 
particularly vulnerable to the future impacts of climate change.152 Garnaut reports on 
future impacts on Australia in a world without global mitigation.153 Over the next two 
decades the major impacts are expected to be felt in the areas of urban water supply 
and the effects of higher temperatures and reduced water for agriculture. By mid-
century there could be major declines in agricultural production across much of the 
country, and by century’s end the impacts of no-mitigation would be profound, with 
irrigated agriculture likely to have ended in the Murray-Darling Basin. A no-
mitigation scenario would also likely see the effective destruction of the Great Barrier 
Reef by mid-century.154 
 
Australia is particularly vulnerable to accelerating sea-level rise in the 21st century, 
with all major cities located at or near to the coast, and 80 per cent of the population 
living within 50 kilometres of the coastline. Without mitigation the impacts on these 
regions are likely to be substantial. Enhanced storm activity, with higher sea level 
surges, would threaten the infrastructure and safety of these communities.155 In 
addition, as a country with Pacific island and Asian neighbours facing the threat of 
inundation, Australia would also experience potentially higher levels of requests for 
assistance, intervention and refugee resettlement. 105 million people in Asia are 
estimated to be at risk of their homes being inundated by a 1 metre sea-level rise.156  
 
Garnaut also reports that the impacts on Australia’s terms of trade are likely to be 
much more adverse than for any other developed country. Australia’s major export 
markets in the 21st century will all be located in Asia, and these countries are expected 
to be relatively badly affected by climate change.157 In addition, Australia’s tourist 
industry is likely to experience major impacts, while human health standards in 
Australia will also likely experience major challenges. For further details on future 
impacts see chapter six of the Garnaut Review report. 
 

                                                 
152 Garnaut (2008) op. cit., p. 124. 
153 See ibid., p. 125. 
154 ibid. 
155 ibid., pp. 137-139. See also N. Harvey and B. Clarke (2007) ‘Policy Implications for Australian 
Communities Affected by Sea-level Rise’, Just Policy, no. 46, pp. 52-59. 
156 Garnaut (2008) op. cit., p. 148. 
157 ibid., p. 145. 
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2.5 Summary of Key Post-IPCC Research Findings 
 
This section has examined three key indicators of climate change: carbon dioxide 
emissions and concentrations, global average surface temperatures and global average 
sea-level rise. The research published in these three areas of climate science in the 
aftermath of the IPCC’s Fourth Assessment has shown the following results. 
 
Carbon Emissions and Concentrations 
There has been a startling transformation upwards in the average rate of fossil fuel 
and cement emissions growth from the period of 1990s to that of the 2000s. From 
1990 to 1999 the average rate of fossil fuel and cement emissions growth was 1.3 per 
cent per year: in the period 2000-2006 the average rate of growth has risen to 3.3 per 
cent per year, and according to the latest report from the Global Carbon Project, fossil 
fuel and cement emissions growth is now running at 3.5 per cent per year. 
 
In preliminary figures released by the CDIAC, global CO2 fossil-fuel emissions 
totalled over 8,470 million metric tons of CO2 in 2007, easily eclipsing 2005 as the 
highest release of CO2 into the atmosphere on record. The CO2 emissions growth rate 
since 2000 has been near the upper edge of the envelope of the projections contained 
in the IPCC’s emissions scenarios including the most emissions intensive scenario, 
A1FI. Emissions since 2000 are well above the IPCC’s mean stabilisation trajectories 
for the stabilisation of CO2 in the atmosphere.  
 
Data published by the U.S. National Oceanic and Atmospheric Administration in 
2008 shows that the atmospheric concentration of CO2 has increased to approximately 
385ppm, and is rising at a rate of about 2ppm per year. The seven year increase in 
atmospheric CO2 from 2000 to 2006 is the most rapid increase in atmospheric CO2 
since the beginning of the industrial revolution.  
 
Global Average Surface Temperatures 
Average global surface warming over the last century is now approaching 0.8°C, with 
the last 30 years showing the most significant rises of any period in the instrumental 
record. According to the NASA GISS dataset, the global average surface temperature 
has risen by approximately 0.6°C in just 30 years, an average increase of about 0.2°C 
per decade. Global average surface temperature increase was 0.33°C in just 16 years 
since 1990.  
 
According to the UK Climate Research Unit, twelve of the warmest years on record 
have all occurred in the last 13 years. For both the NASA GISS dataset and the UK’s 
Hadley Centre/Climate Research Unit dataset, every year from 2001-2007 was 
warmer than every year from 1991-2000, with the exception of 1998. If this trend 
continues, then the first complete decade of the 21st century will supplant the last 
decade of the 20th century as the hottest decade on record.  
 
Observed temperature increase is in the upper part of the range projected by the IPCC, 
while emissions growth is currently outstripping the fossil fuel intensive scenario, 
A1FI. The best estimate temperature change for A1FI on the 1990 base is 4°C by the 
end of the century. Such an outcome would translate to an approximately 4.5°C 
increase over the period 1850-1899, bearing profound effects for human culture and 
the eco-system. 
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Sea-Level Rise 
The most recent satellite data and tide gauge data indicate that average sea-level rise 
is now running at over 3mm per year. Beckley et al. obtain a global rate of sea-level 
rise of 3.36+/-0.41mm/year for the period 1993-2007, while recent analysis shows 
that the rate of sea-level rise in the 20th century is probably the highest for the past 
5,000 years. Sea-level rise is accelerating: the rate of rise since 1993 is almost double 
the rate of the average during the 20th century, and observers have concluded that sea 
levels are currently tracking at the upper limit of the IPCC projections. 
 
New studies have provided new perspectives on sea-level rise projections. Rahmstorf 
has published results showing a projected sea-level rise of between 0.5 and 1.4 metres 
above the 1990 level by 2100, substantially beyond the upper range projected by the 
IPCC. Many scientists are concerned that the Greenland and Antarctic ice-sheet 
contributions to sea-level rise may have been underestimated.  
 
The Danish Meteorological Institute reports that new data on the Greenland ice sheet 
show rapid dynamical changes and large yearly variability in mass loss that had not 
been anticipated. A record melt of the Greenland ice sheet occurred in 2007. Some 
scientists have raised the possibility of a ‘non-linear’ collapse of an ice sheet in the 
21st century, leading to dramatic upward changes in the global sea-level. 
 
Australia and Victoria 
Annual average temperature in Australia has increased by 0.9°C from 1910 to 2007. 
There has been substantial warming of the oceans around Australia. In south-east 
Australia only one year in the period 1997 to 2007 had rainfall above the 1961-1990 
annual average. In Victoria, 2007 was the warmest year on record, with a mean 
annual temperature 1.2°C above the long term average. Rainfalls have decreased over 
the period 1998-2007, and the reduction in yearly inflows into Melbourne’s major 
water storages is approximately 30 per cent.  
 
By 2030 annual average temperature over Australia would be about 1°C above 1990 
levels, with an uncertainty range of 0.4-1.8°C. Coastal areas will see less warming, 
with a rise of between 0.7-0.9°C. Victoria is expected to warm at a slightly faster rate 
than the global average. Annual average rainfall is projected to decrease by about 4 
per cent by 2030. Warmer temperatures and reduced rainfall are likely to increase the 
risk of drought.  
 
Of all the developed countries, Australia is particularly vulnerable to the future 
impacts of climate change. 
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2.6 Conclusion 
 
The rapid increase in carbon dioxide emissions and the continuing rise in global 
temperatures and sea-level in this first decade of the 21st century are all indicative of 
accelerating climate change. Research published in the aftermath of the IPCC report 
confirms that, far from stabilising, the global climate system continues on its upwards 
warming trend. If this trend is not reversed, the impacts on human society, 
ecosystems, and species loss may be abrupt, devastating and irreversible.  
 
It is important to note that the current global financial and economic crisis has the 
potential to reduce economic activity, and thus reduce the rate of growth in emissions. 
This process may therefore act as an ad hoc mitigation of GHG emissions in the short 
term. However, as we have seen, most recent growth in emissions is occurring in the 
emerging non-OECD world, and so far these countries are not experiencing the level 
of economic downturn of the developed economies. There is also a danger that, in the 
midst of recession, governments around the world will be constrained in acting on the 
range of mitigation programs and new investment that will be necessary to reduce 
emissions, shift energy sources away from fossil fuels, and stabilise the concentration 
of CO2 in the atmosphere. 
 
While there can be no certainty regarding the future of our climate, the research 
presented in this paper suggests that under a business as usual scenario, with no major 
mitigation strategies in place, and the ongoing and rising exploitation of fossil fuels 
for energy and transport, we can expect that the climate system itself could eventually 
move beyond the current era to a new phase. This new era may well be less conducive 
to human development than our current one; the relatively stable, human-friendly 
climactic era, referred to as the Holocene, which has been the environmental context 
for the rapid human expansion and growth of civilisation that began approximately 
10,000 years ago.  
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