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This paper provides a summary of key points of discussion from the third public forum for the Garnaut Climate
Change Review, titled Climate Change: What is the Science Telling Us? Is there a Need to Develop New
Emissions Scenarios? The forum was held on the 14 November 2007.

The issues discussed in this paper do not represent the views of Professor Garnaut or the Review Secretariat,
but seeks to raise relevant ideas being considered by the Review.
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1 Introduction

1.1 The Garnaut Climate Change Review

The Garnaut Climate Change Review (hereafter ‘the Review’) is an independent review by Professor
Ross Garnaut, commissioned by Australia’s Commonwealth, State and Territory Governments.

The Review will examine the impacts of climate change on the Australian economy and recommend
medium to long-term policies and policy frameworks to improve the prospects for sustainable prosperity.

In carrying out this task the Review will undertake consultation to encourage open and informed debates
on key climate change issues. For more information on how to participate in the Review please visit
www.garnautreview.org.au

1.2 Purpose of this Summary Paper

This Summary Paper presents the key ideas emerging from the third Garnaut Review public forum. The
paper cannot be considered a complete record of the forum’s proceedings. Readers should also refer to
the Garnaut Review website for copies of the presentations made on the day -
Www.garnautreview.org.au

The forum presented an update of the key conclusions drawn from the Intergovernmental Panel on
Climate Change (IPCC) Fourth Assessment Report1 on the physical science of climate change and the
recently released projections for climate change in Australia®.

' IPCC (2007), Climate Change 2007 - The Physical Science Basis, Contribution of Working Group | to the Fourth
Assessment Report of the IPCC, www.ipcc.ch/

2 CSIRO (2007), Climate Change in Australia — Technical Report 2007, www.climatechangeinaustralia.gov.au
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The forum also explored the relationship between global economic growth, the energy intensity of that
growth, the emissions intensity of energy use and changes to the concentrations of greenhouse gases in
the atmosphere.

In doing so the forum considered how the world is tracking against the widely referenced IPCC emissions

scenarios® and what this might mean for risks of changes to the Australian climate and an Australian
policy response.

Submissions Process

All submissions in response to this Summary Paper should be received by 11 April 2008 either via email
at contactus@garnautreview.org.au or sent to:

Garnaut Review Secretariat
Level 2, 1 Treasury Place
East Melbourne, Victoria 3002

Submissions will be made available on the Review website unless specifically requested to be
confidential. If you have any queries, please contact the Secretariat via email at
contactus@garnautreview.org.au or on (03) 9651 0631.

Session 1: The Science of Climate Change

The Global Impacts of Climate Change

This section draws largely on the research of the Intergovernmental Panel on Climate Change (IPCC) as
interpreted and presented by Dr Graeme Pearman®. It presents a set of key findings on observed
changes to the global climate system and highlights associated impacts (observed and potential future
impacts). Consideration is also given to global emission stabilisation scenarios.

Over the last century the temperature of the planet has risen by about 0.7° Celsius. This is more than 10
per cent of all of the temperature change that occurred between the last Ice Age and the present. The
last decade has been particularly warm across the planet.

Empirical data is indicating that the effects of climate change will not be limited to 10 or 20 years’ time
and going forward, but rather the effects are being experienced now.

A key finding of the recent science is that the key greenhouse gases — carbon dioxide, methane and
nitrous oxide - are at concentrations that far exceed those for the last 650,000 years.

Over the past century:

- Global temperatures have risen by 0.74 + 0.18° Celsius

- 11 of the last 12 years rank in the 12 warmest years

- Arctic sea-ice has declined by 2.7 + 0.6 percent per decade

- Sea levels have risen by 1.9 + 0.5mm per year 1961-2003

- There has been a rise in ocean acidification of 0.1 pH units

Source: IPCC Fourth Assessment Report, Working Group 1, available at www.ipcc.ch/

% Nakicenovic, N. and Swart R. (Eds.) (2000), Emissions Scenarios: Special Report of the Intergovernmental Panel on
Climate Change, Cambridge University Press, UK.

“ Dr Graeme Pearman, Honorary Senior Research Fellow, Monash University
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The statement of the IPCC’s 750 authors is that it is unequivocal that the planet is warming.

There is now the observational evidence, both directly from temperature changes in the atmosphere
and the oceans, and also the effect on melting snow and rising sea levels.

The IPCC states it is greater than 90 percent sure that the observed warming is attributable to rising
greenhouse gas concentrations, and less than 5 percent likely that it is due to natural variability.

Nevertheless, this view remains contested by those who contend that warming is the result of natural
variability and that global temperature has always varied over long time scales.

Across the world there are a diversity of impacts that can result from changes to the global climate.
Over the next 50 years, impacts are anticipated for coastal systems, industry, settlements, human
health and primary production, amongst others.

Many natural systems (continental & oceanic) are already being affected by regional climate change
(>90% confidence).

Into the future the following types of impacts are anticipated by the IPCC:

Water
— Runoff increases at high latitudes and some wet tropics, decrease over much of mid latitudes
(>80% confidence)
— Increased drought affected areas. Augmented flood risk (80%)
— Water volumes in glaciers to decline (>80%)

Ecosystems
— Loss of resilience of many ecosystems (>80%)
— Net source of carbon (>80%)
— 20-30% of species are at high risk of extinction if >1.5-2.5°C rise (>50%)
— Changed structure (>80%)

— Increased crop yield at high latitudes (>50%)
— Decreased crop yield at lower latitudes - increased hunger (>50%)
— Lower local production especially in subsistence sectors at low latitudes (>80%)

Coastal systems
— Exposed coastlines (>90%)
— Major decline in corals, salt marshes and mangroves (>90%)
— Hundreds of millions of people vulnerable to flooding, especially in mega delta and small island
regions (>90%)

Industry, settlement and society
— Will vary widely - in aggregate the net effect is negative (>80%)
— Those populations most vulnerable are in coastal and river flood plains, linked to climate-
sensitive resources, exposed to extreme weather events (>80%)
— Poor communities most vulnerable (>80%)

Health
— Likely to affect millions of people, particularly with low adaptive capacity, through malnutrition,
increased deaths, disease and injury (fire, floods, storms, droughts, water-related disease) (>80%)
— Mixed effects such as expansion and contraction of malaria range (>80%)
— Some benefits through lower cold exposure

Source: IPCC Fourth Assessment Report, Working Group Il, available at www.ipcc.ch/
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Carbon dioxide is the key gas implicated in climate change. Other greenhouse gases are methane,
nitrous oxide. The Kyoto Protocol also deals with sulphur hexafluoride (SF6), hydrofluorocarbons
(HFCs), and perfluorocarbons (PFCs). Carbon dioxide comes primarily from the combustion of fossil fuels
for energy generation.

There is a physical limit to the rate at which carbon dioxide moves from the surface of the ocean into the
deep ocean, effectively out of circulation. This limit is approximately two thousand millions tonnes (Gt C)
of carbon a year. As stated by Dr Pearman the globe currently emits about nine thousand million tonnes
(Gt C) a year.

Figure 1 illustrates a number of possible future greenhouse gas stabilisation scenarios, and for each
presents the anticipated corresponding temperature and sea level changes. The figure also identifies the
year at which greenhouse gas concentrations would need to peak and the level of emissions change at
2050 (from 2000 levels) to achieve the corresponding greenhouse gas concentration.

The figure makes apparent that if the world seeks to avoid a mean global temperature increase of 2°C,
widely considered the maximum level of warming that may avert ‘dangerous climate change’ (and the
current European Union target) then there is only one of these scenarios that achieves that outcome;
stabilising greenhouse gas concentrations at between 445-490 parts per million (ppm) COz-equivalent
and peaking emissions between 2000-2015.

Figure 1. Global Stabilisation Scenarios
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Source: IPCC Fourth Assessment Report, Synthesis Report, available at www.ipcc.ch/

2.3 Climate Change in Australia

This section draws largely on the new projections for Australia as contained in the technical report
released by CSIRO and the Bureau of Meteorology in October 2007. The report builds on the work done
The content below was

through the Intergovernmental Panel on Climate Change (IPCC) process.
presented by Dr Scott Power® of the Bureau of Meteorology and Kevin Hennessy6 of CSIRO.

® Dr Scott Power, Principal Research Scientist, Bureau of Meteorology
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Recent changes have occurred in Australia’s climate system and Australia may already be dealing with
many of the influences of global warming.

In considering the annual temperature of Australia, averaged over the whole country from 1910 to 2006,
there has been an enormous amount of variability from year to year and some of that variability is linked
to the El Nino Southern Oscillation, the El Nino La Nina cycle. Underlying that year to year and decade to
decade variability, there has been a trend to higher temperatures, as there has been globally towards the
end of the twentieth century and into the beginning of the twenty-first century. The warmest years on
record tend to occur in the latter part of the record and the highest temperature on record occurred in
2005.

In the oceans around Australia the upper temperature of the ocean has increased and sea level has risen
by at least 10 centimetres since about 1920.

From 1940 up to near present, there has been a decline in rainfall over eastern Australia and south-west
Western Australia. In response to a reduction of 10 percent in rainfall there has been a decline of over 50
percent for inflows into Perth’s water storages. Conversely there has been more rain in north-western
Australia.

When considering future global climate change potential there is a wide range of possibilities that could
eventuate depending on global emissions over the coming years and decades; but there is very little
uncertainty that there is going to be further warming and accelerated warming.

® Mr Kevin Hennessy, Principal Research Scientist, CSIRO Marine and Atmospheric Research
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Figure 2 describes how Australia’s temperature might change for each of 2030, 2050 and 2070, in
response to global warming.

Figure 2. Annual Mean Temperature Projections, “Best " estimate (50 t percentile), change relative
1980-1999

Source: CSIRO (2007), Climate Change in Australia — Technical Report 2007, available at
www.climatechangeinaustralia.gov.au




There could be long-term average changes in rainfall, with longer breaks between rainfall events and a
greater intensity of these events when it does rain. Rainfall changes have worrying parallels with
response to elevated greenhouse gas levels.

There is Iikely7 to be an increase in the frequencies of conditions linked to high fire danger in south-east
Australia.

There is now a lot of research that indicates that under global warming, tropical cyclones might intensify.
Globally, there might be fewer tropical cyclones, but when they do occur they are likely to be more
intense. The influence of tropical cyclones on our region may extend further south in the future.

Snow cover and average snow season lengths will diminish in the future, relative to the past, under the
influence of global warming.

As the climate continues to change Australia is likely to see significant loss of biodiversity, particularly in
places like the Great Barrier Reef and the Queensland wet tropics, as early as the year 2020. For
example, by 2020 bleaching may occur every two years on average, whereas it currently occurs about
every four years on average. By 2030 — 2050 bleaching may be an annual event.

In other places, such as the Kakadu wetlands there will be significant loss of biodiversity. One study for
the Kakadu wetlands indicates that by 2050 there may be an 80 percent loss of wetlands.

For agriculture and forestry an increase in carbon dioxide concentration has a beneficial effect. This is
the so-called CO; fertilisation effect. It improves photosynthesis and it enhances water use efficiency.
On its own, high levels of CO, are good news for agriculture and forestry, but those benefits are likely to
be offset by changes in temperature, in pest damage and diseases, in available moisture and run-off, and
increases in soil erosion due to more extreme rainfall events.

For viticulture by 2030 it is forecast that there will be up to a 10 percent decrease in the quality of those
grapes in the Yarra Valley and up to 50 percent reduction in the Riverina.

For wheat it is a mixed picture. For example, in south-west Western Australia, where there is very strong
drying likely in future, by 2070 there is likely to be a reduction in wheat yield, whereas in the north-east of
the country, where the rainfall reductions are not as large, there may be some benefits to wheat
production.

There is also a need to look at what impacts may occur to agriculture and forestry overseas because this
may affect trade and commodity prices.

For major infrastructure, there are likely to be significant increases in risk, particularly due to more
extreme weather events. The design criteria for some of these extreme events is likely to be exceeded
more often.

In terms of health, one of the biggest impacts is likely to be the increase in heat-related stress and
deaths. One study indicated that currently on average for people aged over 65 there is about 1,100
deaths per year across Australia. This could double by the year 2020 and perhaps quadruple or more by
the year 2050.

Warming conditions would also lead to more water-borne and more food-borne diseases.

Some tourist destinations may become more favourable with a bit of warming and less rainfall, but there
are likely to be greater risks to tourism because of more extreme weather events.

" IPCC terminology

Virtually certain: > 99% probability of occurrence
Extremely likely: 95%-99%

Very likely: 90% - 95%

Likely: 66% to 90%

More likely than not: > 50%



Session 2: Global Economic Growth and Greenhouse Gas Emissions Scenarios

The following section summarises the key conclusions of Professor Peter Sheehan® as presented to the public
forum. Consideration is given to the use of emissions scenarios, how the world is tracking globally against the
IPCC emissions scenarios and how this relates to some of the major developments that are occurring in the
world economy at the present time.

3.1 The ‘New Global Growth Path’

The new global growth path is the idea that in the last five or ten years, and probably since the turn of the
century, the international economy seems to have embarked on a major acceleration in long-term growth.

The forces driving this appear to be:

. The information technology revolution and its implications right through economies and technology
systems and, in particular, in Research and Development (R&D) systems;
The opening of the world economy and of individual economies within that, such as the sustained
rapid growth of China and India and now in the former Soviet Union countries, all in the context of
them now participating in the international trade and the spin-offs for other countries.

It seems highly likely that global rates of growth over the first 30 years of this decade will be significantly
higher, measured in Purchasing Power and Parity (PPP) prices, than rates over the last decade or the
last three decades of the twentieth century.

In the decades to 2011 the world is tracking up to about 4.5 percent growth. This world growth is very
much being driven by developing countries (non-OECD countries), growing at about 7.2 percent.

This is an unprecedented situation; so many developing countries growing so rapidly and on a continuing
basis.

3.2 Drivers of Growth and the Energy Systems of Growth

There are a number of developments that may be attributed to driving this global growth:

- Long-term development in China, since 1979, and a new era of growth after entry to World Trade
Organisation (WTQ) in 2001, with close to 10 percent per annum growth since entry.
For China this accelerated growth has focused on fixed asset investment, heavy industry and rapid
growth in exports, with rising energy use and deepening environmental problems.
In light of its deepening problems (e.g. energy supply constraints and inflation) China is attempting
to adjust the nature of its development, but at this time there are no obvious signs of slowing.
India has emerged, currently growing at about 9 percent for most of the past five years and again,
seems to be building a much more sustainable base for continuing growth.
With the growth in China and India, the world is seeing a spin-off to other countries. Other countries
are also growing rapidly; even countries in Africa that have had significant trouble growing, are
recently experiencing higher rates.

It would seem a new growth path is fairly well established; albeit maybe not at the pace that is going on at
the present time.

The energy systems of many of the world’s growing countries, in particular China and India, are heavily
coal intensive, so the counterpart of growth is that it is also coal intensive growth. This has large
implications for global warming and as Professor Garnaut states “The great challenge for the world is how
to reconcile this period of rapid economic growth that, in other circumstances could be expected to
continue for quite a long time, with the need to address the climate problem?”

8 Professor Peter Sheehan, Director of the Centre for Strategic Economic Studies, Victoria University, co-written with Dr
Roger Jones, Climate Change Impacts & Risk, CSIRO Marine and Atmospheric Research



3.3 Comparing the IPCC Scenarios with the New Global Growth Path

In developing its scenario the IPCC seeks to put together a consistent set of economic, social and
technological drivers and outcomes for the long term, a hundred years or so, and to work through their
energy and emissions outcomes with the idea that each scenario is one of many possible future paths
that the world community might adopt. Each scenario is assumed by the IPCC to be equally probable
(as distinct from a projection).

Figure 3 compares global CO; emissions with the IPCC emissions scenarios. It seems that none of the
IPCC scenarios (A1, ALFI, A1T, A2, B1, B2) accurately approximate what appears to be happening when
the new growth path is taken into account.

Figure 3. Global CO , Emissions from Fuel Combustion and Cement Production , SRES scenarios and
New Growth Path Projection to 2030 (GtC)
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Source: Sheehan, Jones et al (2007) available at
http://www.businessandlaw.vu.edu.au/cses/documents/working papers/climate/Ccwp 14.pdf

The new global growth path is not represented adequately in existing scenarios; there is a need for
further work.

The emissions intensity of the new global growth path highlights the immediacy of the mitigation
challenge if mean global warming is to be held to less than 2°C relative to 1990 levels.



4  Key Messages from the Forum

Globally...

- Climate change is not something that is affecting p eople in 10 or 20 or 30 years’ time. Its effectsa re
being felt now.

- It is unequivocal that the planet is warming.

- The IPCC has concluded that it is greater than 90 percent certain that the observed warming is
attributable to rising greenhouse gas concentration s, and less than 5 percent likely that it is due to
natural variability.

- Many natural systems (continental and oceanic) ar e already being affected by regional climate
change.

- If the world is to avert ‘dangerous climate chang e’ (approximately 2 °C mean global warming) then
global emissions must peak between the years 2000 a  nd 2015.
In Australia...

- Recent changes have occurred in Australia’s clima  te system and Australia may already be dealing
with many influences of global warming.

- The waters surrounding Australia have warmed and sea level has risen around Australia by at least
10 centimetres since 1920.

- There is little uncertainty that there is goingt o be further warming and accelerated warming.

The New Global Growth Path...
- The world seems to have embarked on a major accel eration in long-term economic growth.
- This growth is being driven by developing countri es and will be coal intensive.

- The challenge for the world is to reconcile this period of rapid economic growth with the need to
address the climate problem.

All submissions in response to this Summary of Proceedings Paper should be received by 11 April 2008 either
via email at contactus@garnautreview.org.au or sent to:

Garnaut Review Secretariat
Level 2, 1 Treasury Place
East Melbourne, Victoria 3002
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