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1. Introduction
The World Meteorological Organisation (WMO) and
the United Nations Environment Programme (UNEP)
established the Intergovernmental Panel on Climate
Change (IPCC). The IPCC’s primary goal was to
assess scientific, technical and socio-economic
information relevant for the understanding of climate
change, its potential impact and options for adaptation
and mitigation. The purpose of the current paper is to
provide a synthesis of the IPCC’s Fourth Assessment
Report, which was released early in 2007. Much of
the material presented is drawn directly from the
summaries for policy makers prepared by the IPCC’s
three Working Groups, namely:
I. The Physical Science Basis
(released February 2007);
II. Impacts, Adaptation and Vulnerability
(released April 2007); and,
Fig A.1 The Rising Cost of Protection
III. Mitigation
(released May 2007).
___________________________________________
*Dr Harvey Stern is a meteorologist with the
Australian Bureau of Meteorology, holds a Ph. D. from
the University of Melbourne (Earth Sciences), and
currently heads the Climate Services Centre of the
Bureau's Victorian Regional Office. Dr Stern's
research into climate change includes evaluating
costs associated with climate change and managing
associated risks (Stern, 1992, 2005, 2006) – Fig A.1,
and analysis of climate trends (Stern, 1980, 2000;
Stern et al, 2004, 2005) – Fig A.2. His work has
Fig A.2 Trend in Melbourne’s annual extreme
received praise in the Victorian State Parliament
minimum temperature (strong upward trend)
(Hansard, Legislative Council, pp 1940-1941, 16
Nov., 2005).
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precipitation amounts (Figs 11, 12, 13, and 14), ocean
salinity, wind patterns and aspects of extreme weather
including droughts, heavy precipitation (Fig 15), heat
waves and the intensity of tropical cyclones.
Paleoclimate information supports the interpretation
that the overall warmth of the last half-century is
unusual in at least the previous 1300 years.
However, some aspects of climate have not been
observed to change (Figs 16 and 17). For example,
Antarctic sea ice extent shows no statistically
significant average trends, consistent with the lack of
warming reflected in atmospheric temperatures
averaged across the region.

2. The Physical Science Basis
2.1 Drivers of Climate Change
Changes in the atmospheric abundance of
greenhouse gases and aerosols, in solar radiation
and in land surface properties alter the energy
balance of the climate system. These changes are
expressed in terms of radiative forcing, which is a
measure of the influence that a factor has in altering
the balance of incoming and outgoing energy in the
Earth-atmosphere system (Fig 1).

Fig 1 Radiative forcing (RF) estimates and ranges
for greenhouse gases and other important agents
and mechanisms (volcanic aerosols contribute an
additional natural forcing but are not included
because of their episodic nature)
Global atmospheric concentrations of carbon dioxide
(the most important anthropogenic greenhouse gas),
methane and 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 (Fig 2). The
global increases in carbon dioxide concentration are
due primarily to fossil fuel use and land-use change,
while those of methane and nitrous oxide are primarily
due to agriculture.
The understanding of anthropogenic warming and
cooling influences on climate leads to very high
confidence (Fig 3) that the globally averaged net
effect of human activities since 1750 has been one of
warming.
2.2 Observations of Climate Change
Warming of the climate system is unequivocal (Figs 4,
5, 6, 7, and 8), 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 (Fig 9). At
continental, regional and ocean basin scales,
numerous long-term changes in climate have been
observed. These include changes in Arctic
temperatures (Fig 10) and ice, widespread changes in

Fig 2 Changes in concentrations of carbon dioxide
over the last 10000 years (large panel) and since
1750 (inset panel)

Fig 3 Communicating uncertainty
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Fig 4 Trend in the global mean temperature
(overall warming trend interspersed with some
short cooler periods)

Fig 7 Trend in Victoria’s mean temperature (recent
warming trend preceded by a cooling period)

Fig 5 Trend in the Australian mean temperature
over the past 100 years (overall warming in all
areas)

Fig 8 Trend in Northern Territory’s mean
temperature (overall warming trend interspersed
with some short cooler periods)

Fig 6 Trend in the Australian mean temperature
over the past 50 years (warming in all areas
except for the northwest)

Fig 9 Observed changes in global average sea
level (relative to 1961-1990 average)
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Fig 10 Trend in Greenland’s mean temperature
(overall warming trend broken by an extended
cooler period)

Fig 13 Trend in Victoria’s mean rainfall (recent
decline to levels early in the 20th century)

Fig 11 Trend in the Australian annual rainfall over
the past 100 years (overall increase, especially in
the northwest, but declines in south-western and
also in a few eastern areas)

Fig 14 Trend in Northern Territory’s mean rainfall
(recent increase in contrast to Victoria’s trend)

Fig 12 Trend in the Australian annual rainfall over
the past 50 years (sharp increases in the
northwest, but sharp decreases in south-western
and most eastern areas)

Fig 15 Trend in the variability of Melbourne’s
annual extreme daily rainfall (increasing)
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Fig 16 Trend in the global mean rainfall (little
change)

Fig 17 Trend in the Melbourne Annual Extreme
Maximum temperature (little change)
3. Impacts, Adaptation and Vulnerability
3.1 Many Systems Affected
Observational evidence shows that many natural
systems are being affected by regional climate
changes, particularly temperature increases, and a
global assessment of data shows that it is likely that
anthropogenic warming has had a discernible
influence on many physical and biological systems,
although many effects on natural and human
environments are difficult to discern due to adaptation
and non-climatic drivers.
Confidence has increased that some weather events
will become more frequent, more widespread and/or
more intense (Fig 18), and more is known about their
potential effects.
However, not all impacts are negative - beneficial
impacts in northern Polar Regions would include
reduced heating costs and more navigable sea routes
(Fig 19).

Fig 18 Likelihood of future trends
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o

o

Production from agriculture and forestry by
2030 is projected to decline over much of
southern and eastern Australia due to
increased drought and fire; and,
Although the region has substantial adaptive
capacity due to well-developed economies
and scientific and technical capabilities, there
are
considerable
constraints
to
implementation and major challenges from
changes in extreme events, and natural
systems have limited adaptive capacity.

Fig 20 Projected patterns of precipitation changes
during the southern winter – brown tones
represent anticipated declines; blue tones
represent anticipated increases (note the declines
anticipated over much of southern and eastern
Australia)
Also of interest to Australia, is the impact of sea-level
rise upon many of the nations of the southwest
Pacific. Small islands have characteristics which make
them especially vulnerable, and sea-level rise is
expected to exacerbate inundation, storm surge,
erosion and other coastal hazards, thus threatening
vital infrastructure, settlements and facilities that
support the livelihood of island communities (Fig 21).

Fig 18 (cont.) Likelihood of future trends

Fig 19 More navigable Arctic sea routes
3.2 Impacts on Australia
More specific information is now available across a
wide range of systems, sectors and regions
concerning the nature of future impacts, for example,
in Australia:
o As a result of reduced precipitation (Fig 20)
and increased evaporation, water security
problems are projected to intensify by 2030 in
southern and eastern parts of the country;
o Significant loss of biodiversity is projected to
occur by 2020 in some ecologically-rich sites
including the Great Barrier Reef, the
Queensland wet tropics, the Kakadu
wetlands, southwest Australia, subantarctic
islands and alpine areas;
o Ongoing coastal development, and population
growth in areas such as Cairns and southeast
Queensland, are projected to exacerbate
risks from sea-level rise and increases in the
severity and frequency of storms and coastal
flooding by 2050;

Fig 21 Extract from an ABC report on the risks
faced by Tuvalu from rising sea levels
3.3 Potential for Very Large Impacts
Magnitudes of impact can be estimated systematically
for a range of possible increases in global average
temperature (Fig 22). Some large-scale climate
events have the potential to cause very large impacts,
especially after the 21st century (for example,
substantial sea level rises from widespread
deglaciation of ice sheets). Climate changes are very
likely to impose net annual costs, which will increase
over time.
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nuclear power (Fig 28), renewable heat and power
(hydropower, solar, wind, geothermal and bioenergy),
and early applications of carbon capture and storage.
In the Transport sector, there is the potential for more
fuel efficient vehicles, hybrid vehicles, cleaner diesel
vehicles, biofuels, shifts from road transport to rail and
public transport (Fig 29), non-motorised transport
(cycling – refer to Fig 30, walking), as well as land-use
and transport planning.

3.4 Adaptation and Vulnerability
Some adaptation is occurring now, but on a limited
basis, and more adaptation will be necessary to
address impacts from warming which is already
unavoidable due to past emissions, and to reduce
vulnerability from future changes. Vulnerability to
climate change can be exacerbated by the presence
of other stresses, such as poverty and unequal
access to resources.

Fig 23 Year 2004 regional per capita greenhouse
gas emissions

Fig 22 Expected global warming for various
emission scenarios
4. Mitigation
4.1 Economic Potential
Global greenhouse gas emissions have grown since
pre-industrial times and differences in terms of per
capita emissions among countries remain significant.
The (more wealthy) Annex 1 countries, holding a 20%
share in world population, account for 46% of global
greenhouse gas emissions (Figs 23, 24).
With current climate change mitigation policies and
related sustainable development practices, global
greenhouse gas emissions will continue to grow over
the next few decades. However, there is substantial
economic potential for the mitigation of global
greenhouse gas emissions over the coming decades
(for example, reduced emissions of pollutants), which
could offset the potential growth of global emissions
or reduce emissions below current levels (Fig 25).
Furthermore, there is growing evidence that decisions
about macroeconomic policy, agricultural policy,
multilateral bank lending, insurance practices,
electricity market reform, energy security and forest
conservation, for example, which are often treated as
being apart from climate policy, can significantly
reduce emissions (Fig 26).
4.2 Commercial Availability
Mitigation technologies and practices are currently
commercially available in a range of sectors.
For example, in the Energy Supply sector, there is the
potential for improved supply and distribution
efficiency, fuel switching from coal to gas (Fig 27),

Fig 24 Restoring the balance – article in The Age
(7 Aug 2007) reporting how rich countries are
being urged to cut greenhouse gas emissions
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sector (for example, improved crop and grazing land
management to increase soil carbon storage,
restoration of cultivated peaty soils and degraded
lands, dedicated energy crops to replace fossil fuel
use, improved rice cultivation techniques and livestock
and manure management to reduce CH4 emissions),
in the Forestry sector (for example, afforestation,
reforestation, reduced deforestation) and in the Waste
sector (for example, landfill methane recovery, waste
incineration with energy recovery).
New mitigation technologies (currently under
development) are projected to be commercialised in
all of these sectors before 2030. Health benefits from
reduced air pollution, as a result of actions to reduce
greenhouse gas emissions, can be substantial and
may offset a portion of the mitigation costs.

Fig 25 Estimated sectoral economic potential for
global mitigation for different regions as a
function of carbon price

Fig 26 Extract from a report that companies with
proven environmental, social and governance
policies outperform

Fig 29 Extract from a report in The Age on a
blueprint to dramatically expand Melbourne’s rail
network

Fig 27 Coal stocks downgraded (Carbon Market
North America 1 Aug 2007 – Point Carbon)

Fig 28 Concern about nuclear proliferation is
influencing policy development on uranium
exports
Mitigation technologies and practices are also
currently commercially available in the Buildings
sector (for example, efficient lighting and daylighting,
improved insulation, passive and active solar design
for heating and cooling), in the Industry sector (for
example, more efficient end-use electrical equipment,
material recycling and substitution), in the Agriculture

Fig 30 Extract from a report in The Age on plans to
make conditions safer for cyclists
4.3 Policies and Instruments
Political figures in all countries are increasingly
playing a vital leadership role by incorporating the
management of risk associated with climate change
into policy formulation (Fig 31). And there are, indeed,
a wide variety of national policies and instruments that
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Policies that provide a real or implicit price for carbon
(Fig 33) could create incentives for producers and
consumers to significantly invest in low greenhouse
gas emission products, technologies and processes.
For example, in the Energy Supply sector, measures
shown to be environmentally effective include
reduction of fossil fuel subsidies, taxes or carbon
charges on fossil fuels, feed-in tariffs for renewable
energy technologies, renewable energy obligations
and producer subsidies.
In the Transport sector, such measures include
mandatory fuel economy, taxes on vehicle purchase,
registration, use and motor fuels, road and parking
pricing, land use regulations and infrastructure
planning to influence mobility use, and investment in
attractive public transport and non-motorised forms of
transport.
Measures shown to be environmentally effective are
also applicable to the Buildings sector (for example,
building codes and certification), the Industry sector
(for example, subsidies and tax credits), the
Agriculture sector (for example, financial incentives
and regulations for improved land management), the
Forestry sector (for example, financial incentives to
increase forest area, to reduce deforestation, and to
maintain and manage forests), and the Waste sector
(for example, renewable energy incentives or
obligations).
However, whilst there are constraints, such as
resistance by vested interests that may make them
difficult to implement, there are also opportunities – for
example, studies indicate that there is substantial
economic potential for the mitigation of global
greenhouse gas emissions over the coming decades,
that could offset the projected growth of global
emissions or reduce emissions below current levels.

are available to governments to create incentives for
mitigation action. For example:
o Regulations and standards generally provide
some certainty about emission levels, but
may not induce innovations and more
advanced technologies;
o Taxes and charges can set a price for carbon,
but cannot guarantee a particular level of
emissions, whilst tradeable permits will
establish a carbon price, but fluctuations in
that price make it difficult to estimate the total
cost of complying with emission permits.
o Financial incentives (subsidies and tax credits
– Fig 32) stimulate the development of new
technologies, but economic costs are
generally higher than for the foregoing
instruments.
o Voluntary agreements between industry and
governments are politically attractive, but the
majority of such agreements have not
achieved significant emissions reductions.

Fig 31 Transcript of a speech delivered to the
Victorian State Parliament

Fig 33 Fluctuations in the price of carbon
5. Concluding Remarks
A synthesis of the IPCC’s Fourth Assessment Report
has been provided in the foregoing paragraphs.
However, this material should be regarded as merely
a brief snapshot of the findings from a huge research
effort involving numerous scientists, and readers are

Fig 32 Criticism of the process whereby one might
receive credits as a result of purchasing offsets
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urged to visit the IPCC Website (http://www.ipcc.ch)
for more information.
To conclude, Fig 34 shows the current “state of play”
with regard to the existing range of climate classes
across Australia. The key implication of the likely
future changes in global climate, which are described
in the foregoing paragraphs, is that the spatial
distribution of these climate classes is also likely to
change.
It must be emphasised that the understanding of
anthropogenic warming and cooling influences on
climate leads one down the risk management
pathway (Fig 35) when deciding on what strategies to
adopt to mitigate the impact of human activities on
climate change. This is because the conclusions of
the Working Groups are all couched in terms that
define the level of certainty with which they are
proposed (Fig 36). For example:
o There is at least a 9 out of 10 chance that the
globally averaged net effect of recent human
activities has been one of warming, that is,
there is very high confidence in the
proposition;
o There is a greater than 99% probability that,
in the future, over most land areas, it will be
warmer, with fewer cold days and nights and
more frequent hot days and nights, that is, it
is virtually certain that such a change in
climate will occur;
o There is a 66% to 90% probability that, in the
future, intense tropical cyclone activity will
increase, that is, it is likely that the activity will
increase; and,
o There is a 66% to 90% probability that, in the
future, the incidence of extreme high sea level
will increase (Fig 37), that is, it is likely that
the incidence will increase.
Before closing, I leave you with the words of Dr
Rajenda Pachauri, chairman of the IPCC (as quoted
in The Age of 11 August 2007):

Fig 34 Climate regimes prevailing across Australia

Some Australian industries may be ‘discomforted’
by stronger action on climate change (and) the
cost to the Australian economy was likely to be
higher (than that to other countries) due to
(Australia’s) dependence on fossil fuels.
(However), over a period of time some of these
measures would actually result in more jobs
being created.
Making deep emission cuts would shave (only)
about 0.12 per cent a year off global economic
growth to 2030.
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Fig 36 Bridging the communication gap (The Age,
8 Aug 2007)

Fig 37 June 2007 Paynesville yacht club
photograph (by Mr Peter Bush) illustrating the
combined impact of high sea levels and
floodwaters

Fig 35 Extract from Speech (24 April 2007) by
Britain’s Deputy Prime Minister Prescott
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Fig 38 Abstract of Stern’s (2006) paper on the application of financial market
mathematics to translating climate forecasts into decision making, which was
presented to the 3rd International Conference on Climate Impacts Assessments.

Fig 39 Application of financial market
mathematics to evaluating impact of climate
change on the rate of industrial growth
(Example 1)

Fig 40 Application of financial market
mathematics to evaluating impact of climate
change on the value of a company (Example 2)
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