Racing Over the Edge
Recent Science on Climate Change
“No time to lose – the longer we wait, the greater the damage”
Leo Meyer, presentation on main findings IPCC AR4, October 2008

Introduction
The world has entered an era of dangerous and destructive climate change, and this change is
increasing exponentially through lack of action to tackle the problem. Whether or not we can step
back from the brink and change course will depend heavily on the level of cuts in greenhouse gas
emissions the world is prepared to make over the next few years.
A multitude of new scientific findings show that climate change is racing ahead of the worst case
forecasts of the International Panel on Climate Change (IPCC)1 in its Fourth Assessment Report
(AR4).
The dramatic melting of the Arctic summer sea-ice in 2007 and 2008 is probably the most visible
example and has forced a significant re-evaluation of how close we may be to runaway climate
change. It is now clear that it is melting substantially faster than the IPCC predicted only two
years2 ago and there are concerns that the Arctic could be ice-free in summer within the next ten
years. The climate system is dangerously close to this major tipping point and many other climate
change impacts are also outstripping the IPCC projections.
Changes in the real world make it clear that even the current level of global warming is too much.
The Earth's capacity to deal with the effect of a continuously growing concentration of
greenhouse gases in the atmosphere has already been exceeded.
Previous estimates of the required rate of emissions reductions are simply not adequate. With a
greater urgency than ever before, the world must take immediate and effective action to achieve
a peak in global greenhouse gas emissions by 2015 at the latest, followed by a steep and rapid
decline to zero emissions as soon as possible thereafter.

1. The overwhelming scientific consensus
The international scientific consensus on climate change is clear. The AR4 stated that ‘warming
of the climate system is unequivocal’, and that there is a more-than-90% probability that most of
the warming since 1950 has been caused by the rapid increase in greenhouse gas
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concentrations due to human activities.
The range of effects expected as a result of past, current and future emissions of greenhouse
gases are shown in the IPCC AR4.3 With no reduction in emissions, global mean temperature will
rise above pre-industrial levels by 1.7°C to 7°C, depending on the rate at which we continue to
emit greenhouse gases. Present emissions are at the top of the projected ranges and, with no
action, warming towards the upper end of the range is likely. We are already seeing serious
negative impacts for ecosystems and human populations - such as the melting of the Arctic
summer sea-ice - even at the current global temperature rise of only about 0.8°C above preindustrial levels. These could cause positive feedbacks that drive the climate system to even
greater extremes. The AR4 projects:
•

Over the coming decades, water supplies stored in glaciers and snow cover are projected to
decline, causing water shortages for more than one billion people in regions supplied by melt
water from major mountain ranges;

•

About 20-30% of plant and animal species assessed so far are likely to be at increased risk
of extinction if increases in global average temperature exceed 1.5-2.5°C;

•

At lower latitudes, especially in seasonally dry and tropical regions, even small local
temperature increases of 1-2°C are expected to increase the risk of hunger due to
diminished crop productivity and increased frequency of droughts and floods;

•

Annually by the 2080s many millions of people are projected to be affected by flooding of
their homes or businesses due to sea-level rise. Densely-populated and low-lying areas with
little capacity to adapt (and already facing other challenges such as tropical storms or local
coastal subsidence) will be especially at risk;

•

The health of millions of people will be harmed by increases in malnutrition and by death and
injury caused by climate change related heat waves, floods, storms, fires, droughts and the
increased frequency of many diseases (including insect-borne ones).

Alarmingly, more recent studies consistently show that climate change is accelerating at a
rate far than beyond the projections in AR4. Several of these studies report strong positive
feedbacks that are expected to affect the climate at a fundamental level. Impacts are also
being observed much earlier - sometimes by decades -than forecast by the IPCC, due to
the climate system reacting more strongly than expected and greenhouse gas emissions
being higher than projected.
In an effort to collect and synthesise existing and emerging new scientific knowledge on
climate change and its impacts, the University of Copenhagen in collaboration with nine
other universities organised the 'International Scientific Congress on Climate Change'
from 10 to 12 March 2009 in Copenhagen. The scientific contributions to the Congress will
be synthesised and published in a special report aimed at guiding the political decisionmaking process in the run up to the UNFCCC Conference of the Parties in Copenhagen.
The Examiner (14 March, 2009): Climate change experts warn that worst-case scenario is
happening:
…The International Scientific Congress on Climate Change, a gathering of climate change
experts, completed its three-day event Thursday and with it issued dire warnings for the world...
The first message on climatic trends was perhaps the most stark and alarming. The warning
said: ‘Recent observations confirm that, given high rates of observed emissions, the worst-case
IPCC scenario trajectories (or even worse) are being realised. For many key parameters, the
climate system is already moving beyond the patterns of natural variability within which our
society and economy have developed and thrived.’
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Figure 1: expected impacts of emission reduction scenarios. Source: IPCC, AR4. Temperature levels are shown with
respect to 1980-1999. Add about 0.6°C to convert to temperatures above pre-industrial times.

BBC News (10 March, 2009): Sea rise 'to exceed projections'
…The global sea level looks set to rise far higher than forecast because of changes in the polar
ice-sheets, a team of researchers has suggested. Scientists at a climate change summit in
Copenhagen said earlier UN estimates were too low and that sea levels could rise by a metre
or more by 2100. The projections did not include the potential impact of polar melting and ice
breaking off, they added. The implications for millions of people would be ‘severe’, they warned.
10% of the world's population - about 600 million people - live in low-lying areas.

Figure 2: Arctic Sea Ice Extent. Source: Strouve

2. Observations show some impacts are occurring earlier and at lower increases in
global temperature than expected
The Arctic
With only a 0.8OC rise in global mean temperature, there is an immediate danger of passing one
of the climate systems’ tipping points - the disappearance of most of the Arctic summer sea-ice.
This loss is likely to lead to rapid and abrupt regional climate changes with irreversible impacts.
The Arctic Ocean is losing summer sea-ice at a rate that is 30 or more years ahead of the AR4
projections, according to researchers from Harvard University and the National Snow and Ice
Data Center (NSIDC).4 The Arctic could be ice-free in summer in less than ten years, a state not
seen on the planet for more than a million years. Arctic sea-ice coverage during the 2007 and
2008 melt seasons dropped to the lowest levels since satellite measurements began, as reported
by the NSIDC.5 The '08 September low was 34% below the long-term average from '79 to 2000.
As with other recent science, the observations are on the most extreme side of expectations (see
Figure 2), indicating a likely deterioration of the climate system that is moving beyond even the
worst-case predictions. Figure 3 shows the loss in Arctic summer sea-ice over the last 30 years,
and in particular a huge loss of sea-ice between 2005 and 2007. A study by the University
College of London indicates that the Arctic sea-ice is now even melting during winter and that the
ice sheet is not only receding but also thinning at a dramatic rate.6
Figure 3: Arctic sea-ice trends. Source: UNEP/GRID

The Antarctic
Similarly, the observed loss of Antarctic sea-ice exceeds AR4 projections. Floating tide-water
glaciers in the Antarctic Peninsula are losing ice faster and are making a greater contribution to
global sea level rise than reported in the AR4.7 Ice-loss in West Antarctica as a whole was about
75% faster in 2006 than in 1996.8 New studies project that, by the end of the century, sea level
rise due to changes in ice dynamics of both Greenland and Antarctica may be up to 1.4 metres.
This is significantly more than the 0.59 metre upper estimate of AR4.9
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Global impacts
Observed global mean warming is also at the high end of AR4's projected range10 and
intensification of extremes such as heat waves and droughts is occurring significantly earlier11.
Stronger negative impacts on human livelihoods and on ecosystems are being observed
already.12 Glaciers are losing mass and are melting faster than foreseen, with negative impacts
on water supply availability soon to follow.13 Global warming is also linked to the faster and
stronger occurrence of widespread coral bleaching14 and impacts on water supply are being
observed from unusual droughts in Australia and in other regions.
New evidence shows that, since 1981, the trend in global warming has led to world-wide reduced
yields of wheat, maize and barley of about 40 million tonnes per annum, equalling a cost of USD
5 billion (€3.2 billion). South Asia and southern Africa will likely suffer significant yield reductions
of several crops that are important for feeding their populations.15 A weakening of the CO2
absorption capability of Earth's largest CO2 sink, the Southern Ocean, is now more apparent, due
to the observed increase in southern ocean winds16.
In an effort to provide some insight into dangerous climate change the IPCC identified, in its Third
Assessment Report, five ‘reasons for concern’ and used a figure (known as ‘burning embers’) to
illustrate the increasing danger to the planet from rising temperatures. In 2009, the authors of
these ‘reasons for concern’ published a revised diagram (see Figure 4). Based on literature that
was assessed in the AR4 as well as additional research published since AR4, the results show
that smaller increases in temperature rise are now estimated to lead to significant impacts.
Not only are we heading to a possible complete loss of the Arctic summer sea-ice, the
scale, magnitude and timing of observed impacts in many other places is clearly stronger
and faster than previously assessed by the IPCC. More importantly, the indicators of
impending calamity are being observed at lower temperatures than ever thought possible
until now. All this is ominous for vulnerable regions such as sub-Saharan Africa and the
small island states, where substantial impacts on food production, water supply,
ecosystems, and weather are to be expected at levels of warming over 1.5°C above preindustrial levels.17
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Figure 4: Burning embers. Source: PNAS

3. Greenhouse gas emissions are growing fast and atmospheric concentrations
are already beyond projections
The actual growth rate of greenhouse gas emissions since 2000 is at the top or beyond any of
the projected scenarios used by the IPCC in either the Third Assessment Report or AR4, as
shown in Figure 5.18 In 2007, the atmospheric CO2 concentration reached 383 parts per million
(ppm). The annual rate of increase of 2.2 ppm was up from the average of 2.0 ppm over the prior
seven years, according to the Global Carbon Project's report, Carbon Budget 2007.19 Since 2000,
anthropogenic CO2 emissions have been growing four times faster than over the previous
decade.
At the current rate of emissions, we may be heading towards a temperature rise of 4°C or even
6°C by 2100, above the 1980-1999 average temperature.20 A 6°C temperature rise would have
catastrophic consequences: a global extinction of species, widespread loss of major ecosystems,
disruption of water and food supplies, dramatic sea level rise and wide-ranging adverse
consequences for human society.21
Figure 5: Global C02 emissions as compared to IPCC scenarios. Source: Raupach (PNAS)

18
19
20
21

Raupach M.R. et.al. 2007: Global and regional drivers of accelerating CO2 emissions. Proceedings of the
National Academy of Sciences. 104(24), 10288-10293.
Le Quere C et.al. 2008: Carbon Budget 2007. An annual update of the global carbon budget and trends. Global
Carbon Project.
IPCC 2007: Climate Change 2007: Synthesis Report. Fourth Assessment Report of the Intergovernmental
Panel on Climate Change.
IPCC 2007: Climate Change 2007: Synthesis Report. Fourth Assessment Report of the Intergovernmental
Panel on Climate Change.

The Guardian (11 March, 2009): Amazon could shrink by 85% due to climate change,
scientists say
…Global warming will wreck attempts to save the Amazon rainforest, according to a
devastating new study which predicts that one-third of its trees will be killed by even modest
temperature rises.. Up to 85% of the forest could be lost if spiralling greenhouse gas emissions
are not brought under control, the experts said. But even under the most optimistic climate
change scenarios, the destruction of large parts of the forest is ‘irreversible’... It found that a
2°C rise above pre-industrial levels, widely considered the best-case global warming scenario
and the target for ambitious international plans to curb emissions, would still see 20-40% of the
Amazon die off within 100 years... Chris Jones, who led the research, told the conference: ‘A
temperature rise of anything over 1°C commits you to some future loss of Amazon forest.’

4. Tipping points in the climate system
Scientists have identified a number of tipping points22 - levels of warming capable of triggering
changes in large-scale components of the climate system – that could cause the impacts of
dangerous climate change to come in abrupt ‘jumps’ even if greenhouse gas emissions are only
increasing gradually. If we do not reduce emissions fast enough, some of these jumps will be
irreversible or very difficult to reverse at best. Further, they are likely to multiply due to positive
feedbacks triggered by warming temperatures.23
Recent scientific findings have identified a number of climate system elements that can contribute
to reaching dangerous climate change:
•

Oceanic carbon sinks turning into carbon sources: Presently, about half of the CO2
emitted from human activities is re-absorbed by forests, soils and oceans. However, global
warming is likely to reduce the oceans' capacities to take up CO2, as warm water holds less
CO2 than cold water24;

•

Terrestrial carbon sinks turning into carbon sources: Global warming is upsetting
the fragile balance of many ecosystems: plants and trees will become less and less
effective at taking up CO2, and potentially lead to forests and soils turning from carbon sinks
into carbon sources;25

•

Permafrost methane: Siberia contains an area of frozen peat the size of France
and Germany combined. Rising temperatures will lead to the melting of this permafrost,
which will then release huge quantities of methane, a greenhouse gas 20 times more potent
than CO2.26 Other permafrost methane reservoirs in jeopardy are in the high Arctic of
Canada and Alaska;

•

Methane hydrates turning to sources: Very large amounts of methane are stored
as methane hydrate crystals in shallow ocean margins around the world. A high-enough rise
in ocean temperature could trigger the release of this methane into the atmosphere. Recent
scientific research in the Laptev Sea indicates that methane releases from Arctic waters
may be increasing at a rapid pace;27
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•

Ocean Acidification: CO2 emissions are acidifying the ocean, leading to potentially
disastrous consequences for marine life that could undermine the marine food chain, a vital
protein source for humans;28

A recent assessment of tipping points29 shows that some of them may be reached at warming
levels of as little as 1°C to 1.5°C above pre-industrial levels or even, as may be the case with the
Arctic summer sea-ice, at current temperatures. Irreversible meltdown of the Greenland ice sheet
could already start at 1.5°C, leading to widespread or near total deglaciation and a sea level rise
of between 2 and7 metres during the next centuries or millennia.
Even if we stopped all greenhouse gas emissions tomorrow, we will still see significant additional
warming due to historic emissions. Oceans take up heat over long timescales30 and important
carbon pools have very long lifetimes31, so significant warming is already loaded into the climate
system. We are therefore already committed to an additional half degree of warming and
associated impacts, regardless of the level of emission reductions the world will undertake during
this timeframe.
We must reduce emissions urgently and at the greatest rate possible due to the
uncertainties and the unpredictability of the climate system and the possible tipping
points that could be triggered by the temperature rise we are already committed to.

Time (13 March, 2009): Scientists Warn of 'Irreversible' Climate Shifts
…Hundreds of leading scientists warned Thursday that global warming is accelerating beyond
the worst predictions and threatening to trigger 'irreversible' climate shifts on the planet... ‘The
worst-case scenario trajectories (or even worse) are being realised," the scientists said in a
statement. ‘There is a significant risk that many of the trends will accelerate, leading to an
increased risk of abrupt or irreversible climate shifts.’... ‘Recent observations show that
societies are highly vulnerable to even modest levels of climate change with poor nations and
communities particularly at risk,’ the statement said.

5. Temperature threshold targets and likely outcomes
In 1990, a World Meteorological Organization advisory group32 warned that a global temperature
increase beyond 1°C could lead to unpredictable and non-linear responses resulting in extensive
ecosystem damage.33 The UN Framework Convention on Climate Change (1992), while
enshrining the concept of an ecological limit in its Article 2,34 did not identify a specific
temperature target. The 1996 decision of the European Union's Council of Ministers to limit
temperature rise to 2°C above pre-industrial times introduced the concept of a temperature target
into the mainstream climate debate, and established the 2°C target as the main threshold.35
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In 2000, the IPCC Special Report on Emission Scenarios36 identified 40 greenhouse gas
emission scenarios with differing assumptions for future emissions, land-use and other driving
forces. These scenarios are organised in 6 families. The most optimistic range of scenarios
envisions a temperature rise of about 1.8°C (above 1980-1999 levels), while the highest
emissions scenarios will lead to temperature rises of 4°C to possibly over 6.4°C. The IPCC AR4
indicates that only the lowest range of scenarios can potentially hold temperature rise to around
2°C (as compared to pre-industrial levels). This will require global CO2 emissions to peak
between now and 2015, and global emissions to be reduced by 50% to 85% from Year 2000
level.
Since the publication of the AR4, a number of its lead authors, including Martin Parry and Jean
Palutikof37 as well as other eminent climate change scientists, including Hans Joachim
Schellnhuber38 and James Hansen39, have called for urgent global action to peak emissions as
soon as possible and achieve deep emissions reductions in line with or exceeding the top end of
the 50-85% range. As the IPCC stated as a ‘key finding’ in a recent presentation on the AR4: ‘No
time to lose – the longer we wait, the greater the damage.’40

ClimateWire (13 March 2009): Scientists see more grim effects of climate change, but
economists hope to avoid some of them
…At the congress, it seemed that all the scientists had to share with their peers was bad news,
but a number of economists saw the climate crisis rather as an historic opportunity to
reorganise the world economy and develop new, clean and job-creating activities. Lord
Nicholas Stern, former chief economist for the World Bank, added his own dose of gloom by
saying that his now-famous report on the risks of global warming, written for the British
government in 2006, had underestimated them. ‘The reason is that emissions are growing
faster than we thought, the absorption capacity of the planet is less than we thought, the
probability of high temperatures is likely higher than we thought, and some of the effects are
coming faster than we thought,’ he explained.

6. Conclusions and recommendations
The IPCC AR4 painted an unequivocal and dire picture of global climate change. Since that time,
observations and a range of new studies have shown that climate change is happening faster
than even the worst case projections of the IPCC. It is clear that previous estimates of required
emission reductions need urgent revision. The world needs far more urgent and deep cuts in
greenhouse gas emissions than previously thought if we are to have any chance of avoiding
dangerous climate change.
Recent literature, much of it published after the AR4, shows that climate change is already having
serious social, ecological and economic impacts and that we are already close to thresholds of
irreversible change for some elements of the climate system, such as the Arctic summer sea-ice.
The current level of warming is already taking the Earth's climate closer to tipping points which
may lead to dangerous climate change. Therefore global temperature rise needs to peak as soon
as humanly possible and return to well below current levels. An increase in temperature of even
1.5°C could lead to the irreversible meltdown of the Greenland ice sheet and 2°C risks triggering
catastrophic climate change. Therefore global greenhouse gas emissions need to peak by 2015
and start declining thereafter, reaching as close to zero as possible by mid-century.
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In order to achieve this, Greenpeace is calling for:
•

A binding international agreement that ensures global greenhouse gas emissions
will peak by 2015;

•

Strong leadership by the industrialised countries, as a group, towards achieving
this peak in emissions by:
•
rapidly reducing their greenhouse gas emissions by at least 40% by 2020,
compared to 1990 levels. At least three-quarters of this reduction needs to be met by
domestic action; and
•
on top of this 40% reduction, provide financial and technological support to
developing countries in order to assist them to achieve a reduction of 15 to 30% of
their greenhouse gas emissions as compared to a business-as-usual projection;

•

Developing countries to achieve, with financial and technological support from industrialised countries, as a group and by 2020, a 15-30% deviation from business-as-usual
growth. Developing countries would unilaterally implement those negative and zero-cost
(‘no regret’) measures that can be achieved without external assistance.

•

To achieve this, strong and rapid emissions reductions to very low levels will be
required from virtually all sectors, including the energy, forests and agriculture sectors, as
well as from all greenhouse gases, including f-gases and other non-CO2 gases. We will
need technological innovations and changes in lifestyle, consumption and trade patterns.

