
 

Advance praise for Climate Code Red 

'This is a frightening but clear-eyed, well-informed, and sober 
consideration of the weight of evidence and argument on the 
imminent and quite possibly cataclysmic impacts of climate change. 
It is a wake-up call and antidote to the sanitised reporting on the 
state of the planet and global warming. As a social and 
environmental psychologist reader, this critical overview is 
impressive, comprehensive, and convincing.' 

-DR JOSEPH RETTER  
 
'Recent greenhouse gas emissions place the Earth perilously close 

to dramatic climate change that could run out of our control, with 
great dangers for humans and other creatures. There is already 
enough carbon in the Earth's atmosphere for massive ice sheets 
such as West Antarctica to eventually melt away, and ensure that 
sea levels will rise metres in coming decades. Climate zones such as 
the tropics and temperate regions will continue to shift, and the 
oceans will become more acidic, endangering much marine life. We 
must begin to move rapidly to the post-fossil fuel clean energy 
system. Moreover, we must remove some carbon that has collected 
in the atmosphere since the Industrial Revolution. This is the story 
that Climate Code Red tells with conviction. It is a compelling case 
for recognising, as the UN secretary-general has said, that we face a 
climate emergency.' 

-Dr JAMES HANSEN, director of the National Aeronautics and 
Space Administration Goddard Institute for Space Studies 
 
 



'Climate Code Red applies an uncommon degree of common-sense 
to the latest climate science, and is a well-researched basis for 
building a truly meaningful response. It makes it abundantly clear 
that greenhouse-gas emissions have to stop entirely, and that even 
this must sit in a larger plan to manage our destabilised 
earth-atmosphere system.' 

-TIM HELWEG-LARSEN, Director, Public Interest Research 
Centre, UK  

 
'David Spratt and Philip Sutton have provided a valuable and 

sobering contribution to the policy challenge of climate change at a 
pivotal moment, with their key insight that the expectation of 
failure has become the norm in climate policy. Climate Code Red is a 
significant contribution which should be read by anyone seriously 
contemplating how to set greenhouse emission- reduction targets.' 

-SENATOR CHRISTINE MILNE, Australian Greens Party 
 
 

'Having been involved with global warming climate change as a 
researcher in environmental health for 25 years, I can say that this is 
without question by far the best book to date on this issue — the 
first book to have the integrity to say how the situation really is.' 

-DR PETER CARTER, Canada 
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Forewords 

Ian Dunlop 

As the world's population rises toward nine billion by mid-century, 
the inevitable logic of exponential growth in consumption is now 
hitting the real limits of global ecosystems and resource availability. 
The immediate pressure points are human-induced climate change, 
water availability, and peaking global oil supply, which are 
converging rapidly in a manner not previously experienced. But 
those pressure points constitute only the tip of the broader 
global-sustainability iceberg: further constraints and limits will 
become increasingly evident as the major developing countries 
move up the growth escalator. 

This situation is not unexpected: it has been forecast for decades, 
going back before the 1972 publication of The Limits to Growth, a 
book that described how expanding human population and 
consumption patterns would run up against the limits of the natural 
world. In the meantime, we have created a political and capitalist 
system which has proved incapable of recognising that the most 
important factor for its own survival is the preservation of a global 
biosphere fit for human habitation. Our institutions are totally 
short-term focused: politically, due to the electoral cycle, and 
corporately, due to perverse incentives. Thus, we are uniquely 
ill-equipped to handle these major problems, which are all 
long-term. 

Our ideological preoccupation with a market economy that is 
based on maximising short-run profit is rapidly leading us towards 
an uninhabitable planet. As inconvenient as it may be, politically 
and corporately, conventional economic growth and rampant 



consumerism cannot continue. Markets are important, but they 
operate within rules; henceforth, the rules must change to ensure 
long-run sustainability. 

Nationalism and short-term vested interests have so far prevented 
the development of a global governance framework capable of 
handling this Tragedy of the Commons, and the issue of global 
sustainability is now much bigger than any nation state. Global 
warming, in particular, is moving far faster than scientists had 
predicted, to the point that we are already in the danger zone. 

The stark fact is that we face a global sustainability emergency, 
but it is impossible to design realistic solutions unless we first 
understand and accept the size of the problem. We know those 
solutions; what is lacking is the political will, first, to honestly 
articulate the problem and, second, to implement those solutions. 

Unadorned by political spin, Climate Code Red is a sober, 
balanced analysis of this challenge that proposes a realistic 
framework to tackle the emergency. It should be essential reading 
for all political and corporate leaders and, particularly, for the 
community. The extent of change that we require will only occur if 
the political and corporate world sees that the community is 
demanding it. 

If we are to have a reasonable chance of maintaining a habitable 
planet, placing our efforts on an emergency footing is long overdue. 
We only play this game once; a trial run is not an option.  

Ian Dunlop is a former international oil, gas, and coal industry 
executive. He chaired the Australian Coal Association from 1987-88 
and the Australian Greenhouse Office Experts Group on Emissions 
Trading from 1998-2000, and he was CEO of the Australian Institute 
of Company Directors from 1997-2001. He is chairman of the 



Australian National Wildlife Collection Foundation (CSIRO) and 
deputy convenor of the Australian Association for the Study of Peak 
Oil. 

Ken Caldeira 

For my PhD research, I studied what happened to ocean chemistry 
at the time the dinosaurs became extinct. The meteorite that 
destroyed the dinosaurs also acidified the oceans, leading to the 
disappearance of coral reefs and many other marine organisms. It is 
becoming clear that modern industrial civilisation is generating a 
new mass extinction (with its own ocean acidification) of a 
magnitude not seen since that destruction of the dinosaurs some 65 
million years ago. 

Over the past few centuries, vast natural ecosystems on land and 
in the water have been converted to human use and abuse. Our 
carbon dioxide emissions are heating the planet and acidifying the 
oceans. Our physical environment is changing at a rate that is faster 
than at any time in the past hundreds of millions of years, except for 
those rare cataclysmic events that have killed off most life on Earth. 
Spratt and Sutton point out that if 'business as usual' means losing 
Arctic ecosystems, losing coral reefs, altering the great weather 
patterns, and so on, then we simply cannot afford it — the cost is 
too great. 

At the risk of oversimplification: we are forced to make a choice. 
Either we can decide to live in a 'wilderness world' in which we use 
our technology to minimise our environmental footprint, and we 
grow and develop in ways that are consistent with long-term 
flourishing of the rich diversity of life in this planet; or we can 
continue heading towards a nightmare vision of an Earth where 



climate is shifting and species are getting tossed overboard every 
day, every hour. (Invasive generalists, including weeds and the 
wealthy, may do fairly well, but specialist species and poor people 
have a threatened future ahead of them.) We will either learn to live 
with the world, or wreck it — and in wrecking the world, we will 
lose. 

There is inertia both in the climate system and in our industrial 
infrastructure. Inertia in the climate system means we can pass 
thresholds now that set us on an irreversible trajectory to future 
tragedy. Inertia in our industrial infrastructure means that, under 
most accepted scenarios, without early retirement of major 
segments of our industrial capacity, it will take many decades to 
replace the coal-, oil, and gas-burning devices that pervade our 
planet. 'Business as usual' is accelerating us into ever-greater 
environmental risk — and eventually, that risk will come home to 
roost. As Spratt and Sutton point out, 'business as usual' must end 
now, if we are to allow our children and ourselves a more natural 
world in which humans tread lightly and live well. Sensibly, Climate 
Code Red asks us to take stock of the climate and sustainability 
emergency that is unravelling around us and respond with a 
large-scale transition to a post-carbon economy. There is no time for 
slow transitions.  

 
Ken Caldeira is director of the Caldeira Lab of the Department of 

Global Ecology at Stanford University's Carnegie Institution of 
Washington, whose research focuses on improving the science base 
needed to allow human civilisation to develop while protecting our 
environmental endowment. He also conducted research for the 
Energy and Environmental Sciences Directorate of the Lawrence 
Livermore National Laboratory from 1993 to 2005.



INTRODUCTION:  A Lot More Trouble 
 

'This is an emergency, and for emergency situations we need 
emergency action — UN secretary-general Ban Ki-Moon, 10 
November 2007 'I can't end this email without acknowledging that 
we are in a lot more climate trouble than we thought.' This response 
from a US-based polar researcher during a discussion we were 
having about how quickly Greenland might melt is not an orthodox 
scientific statement, but its disturbing tone expresses a level of 
anxiety and honesty that we heard many times while writing this 
book. 

Perhaps the frankness of such responses reflected the fact that we 
are not climate scientists, and that we were asking questions not as 
peers but as policy researchers. In conducting our enquiries, we 
conversed with and drew on the work of many climate scientists 
who gave generously of their time, patiently answering 
sometimes-wayward questions, and welcoming our enquiries. 
Although our previous work had included advocacy on 
environmental and community problems, we found the scope and 
depth of climate research, the nuances, and interpretative 
differences between scientists a challenge. Yet it is critical that 
non-scientists engage with the science if all of us are to plot a 
pathway to a safe climate. 

Climate scientists generally work in a specialised field, and the 
release of their scientific results and projections incorporates 
assessements of risks, probabilities, and uncertainties that can lead 
them to feel reticent about commenting publicly on the broader 
aspects of global-warming impacts and policies. Those outside the 
research community, however, have a different vantage-point in 
viewing the disparate evidence, which may explain why some of the 



most compelling writing on global warming has come from writers 
such as George Monbiot, Fred Pearce, Mark Lynas, and Elizabeth 
Colbert. 

Climate Code Red explores what 'a lot more climate trouble' 
means, why it differs from the public story, and how we should go 
about thinking of new solutions to this global emergency. It 
concludes that we must cast aside climate policies that are doomed 
to fail, and that we must act with foresight and courage, because our 
task is urgent. 

The evidence we have gathered has convinced us that we have 
only one chance to solve the global warming problem. Just as in 
hospitals, where 'code red' denotes a patient who needs advanced 
life-support, the phrase signals an emergency: an alarm that rings 
now, for all life on this fragile planet. 

Debate over climate change took a radical new turn in September 
2007, when research data revealed that the floating sea-ice in the 
polar north was disintegrating at a frightening speed — in the words 
of Penn State University climatologist Richard Alley, 'one hundred 
years ahead of schedule'. Eight million square kilometres of Arctic 
sea-ice is breaking up, and this demands that we look anew at the 
impact of global warming, and at what we must do to return to a 
safe-climate world. 

Industrial activity is propelling the world's climate to a hot state 
not experienced for a million years, at a time long before modern 
humans evolved. We face a perilous journey across unfamiliar 
terrain, close to a precipice that, should we cross it, will see changes 
beyond recognition to life on Earth. 

This is not an exaggerated claim; it is the sober view of many of 
the world's leading climate scientists, including NASA scientist Jay 
Zwally. When he was a young man, Zwally hauled coal for work. At 



the end of 2007, he told a gathering of fellow climate experts: 'The 
Arctic is often cited as the canary in the coalmine for climate 
warming ... and now as a sign of climate warming, the canary has 
died. It is time to start getting out of the coal mines.' 

Robert Corell, chairman of the Arctic Climate Change Impact 
Assessment (ACCIA), is equally blunt: 

For the last 10,000 years we have been living in a 
remarkably stable climate that has allowed the whole of 
human development to take place ... Now we see the 
potential for sudden changes of between 2 and 6 degrees 
Celsius [by the end of this century].* We just don't know 
what the world is like at those temperatures. We are 
climbing rapidly out of mankind's safe zone into new 
territory, and we have no idea if we can live in it. In the 
recent past, the story of climate change has been one of 
sudden and disruptive fluctuation as the Earth seesawed 
between ice ages and warm periods. This history warns that 
we must expect the unexpected, because dramatic changes 
that tip regional climates from one state to another can set 
off chains of events that echo around the globe. 

 
Most of us think of climate change as a gradual, linear process 

that involves a smooth relationship between increasing levels of 
greenhouse gases and rising temperatures — that like the kitchen 
oven, if we are slowly turning up the control, we will produce a 
predictable warming. But climate doesn't work like that. 

 
* The increase to date has been 0.8 degrees.
 
 



In fact, we live in a climate world of chaotic, non-linear 
transitions, where a small increase in the level of greenhouse gases, 
or in the energy imbalance of the climate system, can make a huge 
difference. An element of the climate system can flip from one state 
to another quickly and unpredictably. This is now occurring at the 
North Pole, where a tipping point, or critical threshold, has been 
passed, and an area of summer sea-ice once as large as Australia is 
disintegrating quickly. 

Further south, if the changing climate were to produce four or five 
consecutive years of drought in the Amazon, it might become 
sufficiently dry for wildfires to destroy much of the rainforest and 
for burning carbon to pour into the skies. This change in the 
regional climate pattern would further reduce rainfall, and the 
drying and dead forest would release very large amounts of 
greenhouse gases. These impacts, like many others, would cause 
further threshold events. 

If this kind of momentum builds sufficiently, and enough tipping 
points are crossed, we will pass a point of no return. We wish it were 
otherwise. Indeed, this is not a book we intended to write; but when 
our work led us to understand that we had already entered the era of 
dangerous climate change, it became a story we felt compelled to 
tell. 

Originally, we wrote this book as a report to address three areas of 
climate policy that we wished to bring to the attention of the 
Garnaut Climate Change Review (the Garnaut Review): the 
implications of recent climate research, appropriate reduction 
targets, and the case for emergency action. The review was 
commissioned by the Australian federal Labor leader Kevin Rudd, 
and the state and territory Labor governments, six months prior to 
the November 2007 federal election that swept Labor to power. 



Our first concern in presenting ideas to the review was to draw 
attention to the seriousness of recent climate data. 

Our second concern was to show that a response to the climate 
crisis in 'politics as usual' mode would not be fast enough to solve 
the problem. 

Our third concern was to encourage the review to choose targets 
that would achieve a safe result and not replicate mistakes made 
elsewhere in setting targets that would be ineffective. An example of 
this was the Stern Review, delivered to the UK government in late 
2006 and received enthusiastically in most quarters. The economist 
Sir Nicholas Stern had graphically outlined the future impacts of 
rising global temperatures. An increase of 2 degrees above the 
pre-industrial level was not acceptable, he explained, because it 
would likely mean, amongst other things, the loss of 15-40 per cent 
of species, a loss of fresh water of 20-30 per cent in vulnerable 
regions, and the potential for the Greenland ice sheet to begin 
melting irreversibly, pushing sea levels up several metres. 

Stern's conclusion, however, was chilling: to limit the rise to 2 
degrees was, in his opinion, too challenging, politically and 
economically. Instead, he suggested going for a 3-degree target. Yet 
a 3-degree rise would likely destroy most ecosystems and take global 
warming beyond the control of human action. It seemed 
incomprehensible that so few people spoke out forcefully against 
Stern's target and the death sentence that he was accepting for so 
many people and species. How could society be so mad as to go for a 
target that would kill much of the planet's life? 

As we started to write our short submission, events in the Arctic 
intervened to demonstrate dramatically that dangerous climate 
change is not in the future, but is happening now. Over one 
northern summer, it became clear that the task was not to weigh up 



what would be a reasonable rise in temperature; rather, it was to ask: 
by how much do we need to lower the existing temperature to 
return our planet to the safe-climate zone? Global warming now 
demands an emergency response in which we put aside 'business 
and politics as usual', and devote our collective energy and capacity 
for innovation to stopping a slide to catastrophe. 

Why do business leaders, politicians, community advocates, and 
sectors of the environment movement fail to grasp fully the 
momentous problem that we face? How can they not 'get it', when 
the evidence is now so abundant? We hope that this book will help 
to identify why real action has so often been blocked, and help to 
map out a pathway through the barriers. 

Many people, including UN secretary-general Ban Ki-Moon, now 
call the situation that we face a 'climate emergency'; but it could just 
as easily be called a warming, water, food, or energy emergency. The 
issues of global warming, water shortages, peak oil, ecosystem 
destruction, resource depletion, global inequity, and the threat of 
pandemics intersect and intertwine. Together, these threats and 
risks constitute a sustainability crisis, or emergency. 

In exploring these ideas, our short submission became this 
unintentional and lengthier book. The story we tell is disturbing and 
compelling, in equal measure. It poses a choice: to act with great 
effort now, or to know that it will soon be too late to act effectively. 
It will be little comfort ten years from now to look back and think 
ruefully of what we might have done, and of what might have been 
achieved. 

Climate Code Red has three interrelated parts. 
The first section reviews the scientific evidence and a range of 

expert insights flowing from the increasing speed of the Arctic 
sea-ice melt. It also considers recent climate data and analysis about 



critical subjects such as carbon sinks, biodiversity loss, and climate 
sensitivity. Drawing on this review, the second section analyses 
current debates about climate targets, and proposes a set of 
reduction targets consistent with achieving a safe-climate future. 
The third section identifies the need for a rapid transition to a 
sustainable economy. It argues that the task needs to be constructed 
as a climate emergency — that we cannot continue at the 
meandering, slow pace dictated by 'business and politics as usual', 
which today stands in the way of necessary change. 
  



PART ONE  
The Big Melt 

'We are all used to talking about these impacts coming in the 
lifetimes of our children and grandchildren. Now we know that it's 
us.' 

— Professor Martin Parry, co-chairman of the Intergovernmental 
Panel on Climate Change (IPCC) impacts working group, 18 
September 2007. 
  



CHAPTER l 
Losing the Arctic Sea-Ice 

In the northern summer of 2007, the area of sea-ice floating on 
the Arctic Ocean dropped dramatically, reaching the lowest extent 
that we have seen since records began. This event has profound 
consequences for climate policy, the role and methods of the 
Intergovernmental Panel on Climate Change (IPCC), and the 
assessment of predicted sea-level rises, and it begs the question of 
whether we have already passed a critical tipping point beyond 
which human interference with the Earth's climate system becomes 
very dangerous. 

In its February 2007 report on the physical basis of climate 
science, the IPCC said that Arctic sea-ice was responding sensitively 
to global warming: 'While changes in winter seaice cover are 
moderate, late summer sea-ice is projected to disappear almost 
completely towards the end of the twenty-first century.' The IPCC 
thought it would take a hundred years for the sea-ice to disintegrate; 
but, even before its report was published, its projections lagged 
behind the changing physical reality of the Arctic environment. 

In a presentation to a Carnegie Institution climate conference on 1 
November 2005, Tore Furevik, professor of oceanography at the 
Geophysical Institute in Bergen, had already demonstrated that 
actual Arctic sea-ice retreat in recent years has been greater than 
had been estimated in any of the 19 Arctic models of the IPCC. 

In December 2006, data was presented to an American 
Geophysical Union (AGU) conference suggesting that the Arctic 
may be free of all summer sea-ice as early as 2030. According to 
Marika Holland of the US National Center for Atmospheric 
Research (NCAR) in Colorado, this would set up a 'positive feedback 



loop with dramatic implications for the entire Arctic region'. This 
view was then supported by studies published in March and May 
2007 by Holland, along with Mark Serreze and Julienne Stroeve of 
the US National Snow and Ice Data Centre (NSIDC) at Colorado 
University. 

Soon, events on the ground would outrun even this research. 
Despite the warnings, experts were shocked at the extent of Arctic 
ice-sheet loss during the 2007 northern summer. Serreze told the 
Guardian on 4 September: 'It's amazing. It's simply fallen off a cliff 
and we're still losing ice.' 

A feature in the Washington Post on 22 October 2007 painted a 
bleak picture: 

This summer the ice pulled back even more, by an area 
nearly the size of Alaska. Where explorer Robert Peary just 
102 years ago saw 'a great white disk stretching away 
apparently infinitely' from Ellesmere Island, there is often 
nothing now but open water. Glaciers race into the sea 
from the island of Greenland, beginning an inevitable rise 
in the oceans. Animals are on the move. Polar bears, kings 
of the Arctic, now search for ice on which to hunt and bear 
young. Seals, walrus and fish adapted to the cold are 
retreating north. New 
species — salmon, crabs, even crows — are coming from 
the south. The Inuit, who have lived on the frozen land for 
millennia, are seeing their houses sink into once-frozen 
mud, and their hunting trails on the ice are pocked with 
sinkholes. On 16 September 2007, the Arctic sea-ice 
minimum fell to a record low of 4.13 million square 
kilometres, compared to the previous record low of 5.32 
million square kilometres in 2005. This represented a 



precipitous decline in the ice extent of 22 per cent in two 
years, an area 'roughly the size of Texas and California 
combined, or nearly five United Kingdoms,' the NSIDC 
announced. This compares to the decreasing trend in ice 
area of 7 per cent per decade, between 1979 and 2005. 
NSIDC research scientist Walt Meier told the Independent 
on 22 September that the 2007 ice extent was 'the biggest 
drop from a previous record that we've ever had and it's 
really quite astounding ... Certainly we've been on a 
downward trend for the last thirty years or so, but this is 
really accelerating the trend'. 
 

But it wasn't just the area, or extent, of the sea-ice that was 
declining rapidly; an even more dramatic story lay hidden beneath. 
In the early 1960s, the ice was 3.5 metres thick; by the late 1980s, it 
was down to 2.5 metres; and now, in 2008, large areas are only 1 
metre thick. This thinning is accelerating, with half of it having 
occurred in the past seven years. Taken together, the shrinking ice 
area and the declining ice thickness mean that the total mass of 
summer ice has dropped to less than 20 per cent of the volume 

that it was 30 years ago. 
Before the big melt of September 2007, Serreze had speculated 

that we may have already reached the tipping point at which there is 
rapid sea-ice disintegration: 'The big question is whether we are 
already there or whether the tipping point is still ten or 20 years in 
the future ... my guts are telling me we may well be there now.' His 
'educated guess' was a transition to an ice-free Arctic summer by 
2030. His colleague at Colorado Ted Scambos agreed: '2030 is not 
unreasonable ... I would not rule out 2020, given non-linearity and 
feedbacks ... I just don't see a happy ending for this.' 



These views were supported by Ron Lindsay of the University of 
Washington: 'Our hypothesis is that we've reached the tipping point. 
For sea-ice, the positive feedback is that increased summer melt 
means decreased winter growth and then even more melting the 
next summer, and so on.' 

In 2006, former Australian of the Year, palaeontologist, and 
climate-change activist Tim Flannery suggested that 'at the 
trajectory set by the new rate of melt, however, there will be no 
Arctic icecap in the next five to fifteen years.' By the time September 
2007 was over, even these predictions would need to be revised: it 
was becoming a battle for scientists to keep up with a dramatic 
climate event that was moving at unimagined speed. 

Wieslaw Maslowski of the Naval Postgraduate College in 
California used US military submarine sonar mapping of the Arctic 
sea-ice during the many decades of the Cold War in his research, in 
which he modelled the processes of Arctic sea-ice loss. As early as 
2004, he predicted a blue Arctic Ocean free of sea-ice by the summer 
of 2013, having recognised that the thinning ice was losing volume at 
a much faster rate than was indicated by satellite-derived 
surface-area data. 

The polar icecap is now floating in water about 3.5 degrees 
warmer than its historical average. Maslowski found that the sea-ice 
is being thinned by the northward heat flux of warm summer Pacific 
and Atlantic waters, not just higher air temperatures. The US 
National Oceanic and Atmospheric Administration's (NOAA) Arctic 
report card for 2007 also found that a new wind-circulation pattern 
is blowing more warm air towards the North Pole than during the 
previous century; in 2007, winter and spring temperatures were 'all 
above average throughout the whole Arctic and all at the same time', 
unlike in previous years. 



A team led by Donald Perovich of the Cold Regions Research and 
Engineering Laboratory in New Hampshire reported in 2007 on 
research which calculated that, since 1979, the Arctic Ocean has 
been absorbing sufficient additional heat to melt up to 9300 cubic 
kilometres of sea-ice, which is equivalent to 3 million square 
kilometres of ice, 3 metres thick. This is consistent with work by 
Maslowski and others suggesting that the majority of the ice loss is 
coming from warmer seas, and not directly from changes in the 
Arctic climate. 

When the ice becomes sufficiently thin, it will be sensitive to a 
'kick' from natural climate variations, such as stronger wind and 
wave-surge action, which will result in rapid loss of the remaining 
summer ice cover. It could happen any year now. Louis Fortier, 
scientific director of the Canadian research network ArcticNet, says 
worst-case scenarios about sea-ice loss are coming true, and that the 
Arctic Ocean could be ice-free in summertime as soon as 2010. 
Maslowski told the December 2007 conference of the AGU that 'our 
projection of 2013 for the removal of ice in summer is not accounting 
for the last two minima, in 2005 and 2007... So given that fact, you 
can argue that maybe our projection of 2013 is already too 
conservative.' NASA climate scientist Jay Zwally told the same 
conference that, after reviewing recent data, he had concluded that 
'the Arctic Ocean could be nearly ice-free at the end of summer by 
2012,' while Josefino Comiso of the NASA Goddard Space Centre said: 
'I think the tipping point for perennial sea-ice has already passed ... 
It looks like [it] will continue to decline and there's no hope for it to 
recover [in the near period].' NASA satellite data shows the 
remaining Arctic sea-ice is unusually thin, making it more likely to 
melt in future summers. 



While the extent of the sea-ice in winter is about the same as it 
has been over recent decades, winter ice is becoming increasingly 
fragile. As the summer extent shrinks, more of the reset winter ice is 
new, first-year ice. In 2007, only 13 per cent of first-year ice survived 
the melt season. Because the summer-ice minimum was a record 
low in 2007, almost two-thirds of the winter ice was first-year ice 
and, as such, is in a highly vulnerable state. As a result, the northern 
summer of 2008 is likely to see even more open water. 

How many more years will it be before the Arctic is icefree in 
summer? The ice retreat is likely to be even bigger each summer, 
because the refreezing of the ocean surface is starting from a bigger 
deficit each year, and the amount of older ice is continuing to 
decrease. Looking at the trends, it is not difficult to see why it may 
happen in 2009 or 2010, depending on regional weather patterns. 

Publicly and privately, many cryosphere climate scientists are 
shocked and alarmed at these developments. Some Australian 
climate scientists have expressed similar sentiments, privately 
acknowledging that the issues of dangerous climate change, caps, 
and mitigation strategies need urgent review, and that much of the 
orthodox thinking on these issues is now out of date. What 
constitutes 'dangerous climate change' is being urgently reviewed. 

'The reason so much [of the Arctic ice] went suddenly, is that it is 
hitting a tipping point that we have been warning about for the past 
few years,' says the head of NASA's Goddard Institute for Space 
Studies, James Hansen. He has repeatedly warned that the 'albedo 
flip' trigger mechanism over large portions of ice sheets could lead 
to 'eventual non-linear ice sheet disintegration'. 

Hansen coined the phrase 'albedo flip' to describe a rapid change, 
or flip, in the climate that occurs when large areas of ice sheets are 
lost as a consequence of human-induced warming. In relation to 



climate, albedo is a measure of the proportion of solar radiation that 
is reflected (rather than absorbed) when it hits the Earth's surface. 
White ice reflects most of the radiation (with an albedo of 0.8-0.9), 
whereas dark surfaces, such as bitumen or dark sea, can have an 
albedo of less than 0.1 (the Earth's average albedo is 0.3). So when 
light-reflecting ice sheets are lost and replaced by dark sea, rock 
surface, or green vegetation, the Earth suddenly absorbs a lot more 
solar radiation, and the region can heat rapidly. The heating causes 
more regional ice-sheet disintegration, in a classic example of 
'positive feedback'. This is now occurring in the Arctic. The eventual 
consequence is higher global temperatures, which we estimate will 
increase by around 0.3 degrees. 

There are other factors that impact on the albedo effect. As ice is 
lost and regional temperatures increase, the atmosphere holds more 
water vapour and the cloud-cover increases, and this 'negative 
feedback' cancels out some of the warming effect from the loss of 
reflective sea-ice. General climate models do show that the cloud 
feedback can damp, or delay, the climate system's response, but they 
also show that surface albedo changes far outweigh the influence of 
cloud changes. There are no general climate model studies which 
specifically address the question of the global warming that is likely 
to occur as a consequence of the total loss of the Arctic sea-ice and 
its albedo effect, but a finding of a 0.01 degree warming for every 1 
per cent of ice-sheet loss indicates that 0.3 degrees would be the 
eventual global warming that would result from total Arctic sea-ice 
loss. A higher figure may be more consistent with recent evidence, 
including typical temperature flips in glacial-interglacial cycles. On 
the other hand, there is a small chance that later this century an 
abrupt change in the North Atlantic thermohaline circulation (the 
'Gulf Stream'), caused by global warming, could generate a strong 



cooling effect along the Norwegian coast, which would lead to the 
reestablishment of year-round Arctic sea-ice cover. 

But there is much support for Hansen's albedo-flip predictions, 
including from Pal Prestrud of Oslo's Center for International 
Climate and Environmental Research, who says: 'We are reaching a 
tipping point, or are past it, for the ice. This is a strong indication 
that there is an amplifying mechanism here.' 

The 2007 summer Arctic Ocean surface temperatures are 
estimated to have been much warmer than in previous years, by up 
to 5 degrees, largely as a result of solar heating of the upper ocean, 
which was the result of less cloud cover increasing the albedo 
feedback. 'That feedback is the key to why the models predict that 
the Arctic warming is going to be faster,' Zwally told the 2007 AGU 
meeting. 'It's getting even worse than the models predicted.' 

There are also questions about the quantity of methane and 
carbon dioxide that will be released as a consequence of rapid 
regional warming, as areas of tundra permafrost in the polar north 
defrost. One initial estimate is that carbon dioxide released from 
permafrost may contribute an extra 0.7 of a degree over the next 100 
years, based on predicted global warming of 2 degrees. But there is 
uncertainty about these figures, because they depend on how much 
extra positive feedback is included, for example, from water vapour; 
how much permafrost is thawed; and how much carbon is released. 
This figure is a conservative estimate, because it does not include 
the warming effect of methane release. 

The Arctic summer of 2007 demands that we look in detail at its 
consequences. Sea-ice loss and Arctic warming are affecting the 
permafrost in Siberia, Alaska, and other regions; they are triggering 
caribou decline in Canada; and they are 'shrubifying' the tundra. 
'What happens in the Arctic actually does not stay in the Arctic,' 



says oceanographer Richard Spinrad, who is deputy chief of the 
NOAA. In this case, one of the most significant knock-on impacts is 
going to be on the Greenland ice sheet.
  



CHAPTER 2 Greenland's Fate 

Covering four-fifths of the landmass of Greenland is an ice sheet 
almost 2400 kilometres long, more than 2 kilometres thick, and 1100 
kilometres across at its widest point. It contains more than 
2.8 million cubic kilometres of ice. If it were to melt entirely, it 
would raise sea levels by more than 7 metres. The question is, will it 
melt — and how quickly? 

The 2001 IPCC reports suggested that neither the Greenland nor 
the Antarctic ice sheets would lose significant mass by 2100. By the 
final IPCC report for 2007, this degree of certainty was evaporating, 
with a view that 'uncertainties ... in the full effects of changes in ice 
sheet flow' contributed to an unwillingness to put an upper bound 
on sea-level rises this century. The IPPC noted that 'partial loss of 
ice sheets on polar land could imply metres of sea level rise ... Such 
changes are projected to occur over millennial time scales, but more 
rapid sea level rise on century time scales cannot be excluded'. It 
suggested that the Greenland ice sheet would be virtually 
eliminated, and would result in a sea-level rise of 7 metres, if 'global 
average warming were sustained for millennia in excess of 
1.9 to 4.6 degrees'. In other words, the IPCC felt that if the 
disintegration of the Greenland ice sheet were to be triggered, the 
process of loss would take a thousand years or more to conclude. 



 
This understanding was soon superseded when it was found that 

widening cracks in the massive ice sheet were producing an 
unexpected effect: as surface-melt water ran across the ice, it formed 
streams that widened into a torrent of water which was pouring 
through the cracks and carving a wider cavity as it rushed, like a 
giant waterfall, into an icy void below. 

An already famous photograph by Roger Braithwaite of the 
University of Manchester (see previous page) shows the diminutive 
figures of his fellow scientists, dwarfed by a rapidly flowing gully of 
water several metres wide that gathered speed and then disappeared 
into one of these cavities, winding its way down many hundreds of 
metres through a honeycomb that the cracking and the water flow 
had opened up. Reaching the base of the ice sheet, the water acted 
to lubricate the movement of the ice sheet over the rocky bottom. 

This new 'wet' process helps to explain why Greenland is losing 
ice mass more quickly than predicted. Two studies published in 
2006 (one led by Eric Rignot of NASA's Jet Propulsion Laboratory in 

 



Pasadena, and another from the University of Texas) found that the 
Greenland ice cap 'may be melting three times faster than indicated 
by previous measurements', and that 'the mass loss is increasing 
with time'. Rignot told New Scientist: 'These results absolutely 
floored us ... The glaciers are sending us a signal. Greenland is 
probably going to contribute more and faster to sea-level rise than 
predicted by current models.' 

Greenland experienced more days of melting snow in 2006 than 
the island had averaged over recent decades. According to NASA 
researcher Marco Tedesco, the area experiencing at least one day of 
melting has been increasing since 1992 at a rate of 35,000 square 
kilometres per year, and the melt extent for 2007 was the largest 
recorded since satellite measurements began, in 1979. Thomas Mote 
of the Climatology Research Laboratory at the University of Georgia 
found the summertime melt in 2007 to be the most extreme so far: 
60 per cent greater than the previous highest rate, in 1998. The 
edges of the ice sheet are melting up to ten times more rapidly than 
earlier research had indicated, and the ice-sheet height is falling by 
up to 10 metres a year. 

The University of Colorado's Konrad Steffen says that air 
temperatures on the Greenland ice sheet have increased by 4 
degrees since 1991, and that the trend toward increases in the total 
area of bare ice that is subject to at least one day's melting per year 
is unmistakeable, at 13 per cent per year. 
Steffen says the ice-loss trend in Greenland is similar to the trend of 
Arctic sea-ice in recent decades, suggesting the rate of loss may be 
increasing exponentially. 

Robert Corell, the chair of the IPCC's Arctic Climate Impact 
Assessment, says of Greenland: 'Nobody knows now how quickly it 
will melt ... This is all unprecedented in the science ... Until recently, 



we didn't believe it possible, for instance, for water to permeate a 
glacier all the way to the bottom. But that's what's happening. As 
the water pools, it opens more areas of ice to melting.' As the ice 
sheet cracks into huge pieces that are several cubic kilometres in 
size, it scrapes across the bedrock and triggers earthquake-like 
tremors. And there is an acceleration of the speed at which 
Greenland glaciers are moving into the sea; some glacier velocities 
have more than doubled. The Jacobshavn Glacier, a major 
Greenland outlet glacier that drains roughly 8 per cent of the ice 
sheet, has sped up nearly twofold in the last decade. Another 
indication of Greenland's shrinking ice cap is evidence that its 
landmass is rising by up to 4 centimetres per year, a buoyancy 
produced by carrying less weight of ice. 

At some point, the trajectory of ice disintegration may pass a 
tipping point for the loss of, at least, a substantial portion of 
Greenland's ice sheet. 

Global warming has so far been greatest in the high latitudes of 
the northern hemisphere, particularly in the subArctic forests of 
Siberia and North America. And because Arctic temperatures rise 
more than twice as much as the global average, a global warming of 
2 degrees is likely to result in average annual warming over the 
Arctic of 3.2-6.6 degrees. With Greenland's critical-melt threshold 
estimated to be a regional warming of 2.7 degrees, this point will be 
triggered by a global rise of just over 1 degree — a rise that is now 
considered impossible to avoid. 

Tipping points may be looming, and we may not be aware of it. Is 
Greenland such a case? Before the full extent of the dramatic Arctic 
sea-ice loss for 2007 was known, Tim Lenton of the University of 
East Anglia told a Cambridge conference that 'we are close to being 
committed to a collapse of the Greenland ice sheet'. In recognition 



of the limits of climate science models, London School of Economics 
statistician Lenny Smith told the same conference that 'we need to 
drop the pretence that [the models] are nearly perfect'. He said that 
there were too many 'unknown unknowns', and that 'we need to be 
more open about our uncertainties'. 

According to a 2006 report in New Scientist magazine, rising 
Arctic regional temperatures are already at 'the threshold beyond 
which glaciologists think the [Greenland] ice sheet may be doomed'. 

But the issue is disputed, because the orthodox climate and 
ice-loss models for Greenland do not include the processes that 
result in meltwater penetrating crevasses and lubricating the 
glaciers' flow. So how can we know at what pace the loss of ice 
volume is likely to proceed? James Hansen says ice-sheet 
disintegration 'starts slowly, but multiple positive feedbacks can 
lead to rapid non-linear collapse'. He says that there is the potential 
for us to lose control, because we 'cannot tie a rope around a 
collapsing ice sheet'. 

Hansen identifies a scientific reticence that, in at least some cases, 
'hinders communication with the public about dangers of global 
warming'. He says, 'Scientific reticence may be a consequence of the 
scientific method. Success in science depends on objective 
scepticism. Caution, if not reticence, has its merits; however, in a 
case such as ice sheet instability and sea-level rise, there is a danger 
in excessive caution. We may rue reticence, if it serves to lock in 
future disasters.' 

But there are useful sources, other than models, for thinking 
about the likely future rate of loss of the Greenland ice sheet, 
including expert assessment and paleoclimatology (the study of 
ancient climates). In response to the concerns expressed by Corell, 
Hansen, and many others about the IPCC process and the currency 



of some of its 2007 report, Michael Oppenheimer and his colleagues 
from Princeton University have proposed that the inputs into IPCC 
reports be broadened. They say that the observational data, past 
climate record, and theoretical evidence of poorly understood 
phenomena should be given 'a comparable weight with evidence 
from numerical modelling'. Oppenheimer notes that, in areas in 
which modelling evidence is sparse or lacking, the IPCC sometimes 
provides no uncertainty estimate at all; and, in other areas, the use 
of models with similar structures leads to an artificially high 
confidence in projections that is not warranted. He also calls on the 
IPCC to fully include judgements from experts. 

In the absence of reliable, computer-based models of the 
workings of the Greenland ice sheet, what do the experts think? 
Hansen asks: 

 
Could the Greenland ice sheet survive if the Arctic were 
ice-free in summer and fall? It has been argued that not 
only is ice-sheet survival unlikely, but its disintegration 
would be a wet process that can proceed rapidly. Thus an 
ice-free Arctic Ocean, because it may hasten [the] melting 
of Greenland, may have implications for global sea level, as 
well as the regional environment, making Arctic climate 
change centrally relevant to [the] definition of dangerous 
human interference. Arctic climate researchers will say, off 
the record, that this is not an unreasonable view; on the 
record, they will say that there are no verifiable models that 
produce this result. These statements are not in 
contradiction. 
 



As for the paleoclimate record, global average temperatures have 
now surpassed those that thawed much of Greenland's ice cap some 
130,000 years ago, when the planet experienced a warm interlude 
from continent-covering glaciers, and seas were 5-6 metres higher 
than today. Global warming appears to be pushing vast reservoirs of 
ice on Greenland and Antarctica toward a significant long-term 
meltdown. The world may have as little as a decade to take the steps 
to avoid this scenario, says Hansen. 

Following the extraordinary Arctic summer of 2007, along with 
the arrival of new data, a number of leading climate scientists have 
spoken out, most notably at the December 2007 AGU meeting. 
There, Hansen said that, based on Greenland melt data, the Earth 
has hit one of its tipping points, and that the level of carbon dioxide 
in the atmosphere is now enough to cause Arctic sea-ice cover and 
massive ice sheets, such as those on Greenland, eventually to melt 
away. 

In summary, in the polar north it is reasonable to expect rapid 
loss of the Arctic sea-ice, with a significant impact on regional 
temperatures. It is also reasonable to expect, as a consequence, an 
acceleration of the rate of loss of Greenland ice, which may already 
be past its disintegration tipping point for a large part of the ice 
sheet — a situation that had previously been predicted to occur a 
long way into the future.
  



CHAPTER a 
Trouble in the Antarctic 

Big changes are also underway at the other end of the world, in the 
Antarctic, where most of the world's ice sits on the fifth-largest 
continent. The majority of Antarctic ice is contained in the East 
Antarctic ice sheet — the biggest slab of ice on Earth, which has 
been in place for some 20 million years and which, if fully melted, 
would raise sea levels by more than 60 metres. 

Considered more vulnerable is the smaller West Antarctic ice 
sheet, which contains one-tenth of the total Antarctic ice volume. If 
it disintegrated, it would raise sea levels by around 5 metres, a 
similar amount to what we would see with a total loss of the 
Greenland ice sheet. 

While it was generally anticipated that the West Antarctic sheet 
would be more stable than Greenland at a 1-2 degree rise, recent 
research demonstrates that the southern ice shelf reacts far more 
sensitively to warming temperatures than scientists had previously 
believed. Ice-core data from the Antarctic Geological Drilling joint 
project (being conducted by Germany, Italy, New Zealand, and the 
United States) shows that 'massive melting' must have occurred in 
the Antarctic three million years ago, during the Miocene-Pliocene 
period, when the average global temperature in the oceans 
increased by only 2-3 degrees above the present temperature. 
Geologist Lothar Viereck-Gotte called the results 'horrifying', and 
suggested that 'the ice caps are substantially more mobile and 
sensitive than we had assumed'. 

The heating effect caused by climate change is greatest at the 
poles, and the air over the West Antarctic peninsula has warmed 
nearly 6 degrees since 1950. At the same time, according to a report 



in the Washington Post on 22 October 2007, a warming sea is 
melting the ice-cap edges, and beech trees and grass are taking root 
on the ice fringes. 

Another warning sign was the rapid collapse in March 2002 of the 
200-metre-thick Larsen B ice shelf, which had been stable for at 
least twelve thousand years, and which was the main outlet for 
glaciers draining from West Antarctica. An ice shelf is a floating 
sheet, or platform, of ice. Largely submerged, and up to a kilometre 
thick, the shelf abuts the land and is formed when glaciers or 
land-based ice flows into the sea. Generally, an ice shelf will lose 
volume by calving icebergs, but these are also subject to rapid 
disintegration events. Larsen B, weakened by water-filled cracks 
where its shelf attached to the Antarctic Peninsula, gave way in a 
matter of days, releasing five hundred billion tonnes of ice into the 
ocean. 

Neil Glasser of Aberystwyth University and Ted Scambos from the 
NSIDC found that as glacier flow had begun to increase during the 
1990s, the ice shelf had become stressed. The warming of deep 
Southern Ocean currents (which increasingly reach the Antarctic 
coastline) had also led to some thinning of the shelf, making it more 
prone to breaking apart. Scambos concludes that 'the unusually 
warm summer of 2002, part of a multi-decade trend of warming 
[that is] clearly tied to climate change, was the final straw'. 

Looking at the overall pace of events, Scambos says: 'We thought 
the southern hemisphere climate is inherently more stable, [but] all 
of the time scales seem to be shortened now. These things can 
happen fairly quickly. A decade or two of warming is all you need to 
really change the mass balance ... Things are on more of a hair 
trigger than we thought.' 



Much of the West Antarctic ice sheet sits on bedrock that is 
below sea level, buttressed on two sides by mountains, but held in 
place on the other two sides by the Ronne and Ross ice shelves; so, if 
the ice shelves that buttress the ice sheet disintegrate, sea water 
breeching the base of the ice sheet will hasten the rate of 
disintegration. 

In 1968, the Ohio State University glaciologist John Mercer 
warned, in the journal of the International Association of Scientific 
Hydrology, that the collapse of ice shelves along the Antarctic 
Peninsula could herald the loss of the ice sheet in West Antarctica. 
A decade later, in 1978, his views received a wider audience in 
Nature, where he wrote: 'I contend that a major disaster — a rapid 
deglaciation of West Antarctica — may be in progress ... within 
about 50 years.' Mercer said that warming 'above a critical level 
would remove all ice shelves, and consequently all ice grounded 
below sea level, resulting in the deglaciation of most of West 
Antarctica'. Such disintegration, once under way, would 'probably 
be rapid, perhaps catastrophically so', with most of the ice sheet lost 
in a century. Credited with coining the phrase 'the greenhouse 
effect' in the early 1960s, Mercer's Antarctic prognosis was widely 
ignored and disparaged at the time, but this has changed. 

(James Hansen says it was not clear at the time whether Mercer or 
his many critics were correct, but those who labelled Mercer an 
alarmist were considered more authoritative and better able to get 
funding. Hansen believes funding constraints can inhibit scientific 
criticisms of the status quo. As he wrote in New Scientist on 28 July 
2007: 'I believe there is pressure on scientists to be conservative.' 
Hansen is responsible for coining the term 'The John Mercer Effect', 
meaning to play down your findings for fear of losing access to 
funding or of being considered alarmist.) 



Another vulnerable place on the West Antarctic ice sheet is Pine 
Island Bay, where two large glaciers, Pine Island and Thwaites, drain 
about 40 per cent of the ice sheet into the sea. The glaciers are 
responding to rapid melting of their ice shelves and their rate of 
flow has doubled, whilst the rate of mass loss of ice from their 
catchment has now tripled. NASA glaciologist Eric Rignot has 
studied the Pine Island glacier, and his work has led climate writer 
Fred Pearce to conclude that 'the glacier is primed for runaway 
destruction'. Pearce also notes the work of Terry Hughes of the 
University of Maine, who says that the collapse of the Pine Island 
and Thwaites glaciers — already the biggest causes of global 
sea-level rises — could destabilise the whole of the West Antarctic 
ice sheet. Pearce is also swayed by geologist Richard Alley, who says 
there is 'a possibility that the West Antarctic ice sheet could 
collapse and raise sea levels by 6 yards [5.5 metres]', this century. 

Hansen and fellow NASA Goddard Institute for Space Studies 
researcher Makiko Sato agree: 

 
The gravest threat we foresee starts with surface melt on 
West Antarctica, and interaction among positive feedbacks 
leading to catastrophic ice loss. Warming in West 
Antarctica in recent decades has been limited by effects of 
stratospheric ozone depletion. However, climate 
projections find surface warming in West Antarctica and 
warming of nearby ocean at depths that may attack 
buttressing ice shelves. Loss of ice shelves allows more 
rapid discharge from ice streams, in turn a lowering and 
warming of the ice sheet surface, and increased surface 
melt. Rising sea level helps unhinge the ice from pinning 
points ... Attention has focused on Greenland, but the most 



recent gravity data indicate comparable mass loss from 
West Antarctica. We find it implausible that BAU 
['business-as-usual'] scenarios, with climate forcing and 
global warming exceeding those of the Pliocene, would 
permit a West Antarctic ice sheet of present size to survive 
even for a century. Even in East Antarctica, where total ice 
loss would produce a sea-level rise of 60 metres, mass loss 
near the coast is greater than the mass increase inland 
(mass increase inland is caused by the extra snowfall 
generated from warming- induced increases in air 
humidity). 
 

While the inland of East Antarctica has cooled during the last 20 
years, the coast has become warmer, with melting occurring 900 
kilometres from the coast and in the Transantarctic Mountains, 
which rise up to an altitude of 2 kilometres. 

Research published in January 2008 by Rignot and six of his 
colleagues shows that ice loss in Antarctica has increased by 75 per 
cent in the last ten years due to a speed-up in the flow of its glaciers, 
so that the ice loss there is now nearly as great as that observed in 
Greenland.
  



CHAPTER 4 A Rising Tide 

Many climate scientists received the 2007 IPPC report's suggestion 
of a sea-level rise of 18-59 centimetres by 2100 with dismay — not 
because it was too high, but because it seriously underestimated the 
problem. Before the report was released, satellite data showed sea 
levels had risen by an average of 3.3 millimetres per year between 
1993 and 2006; the 2001 IPCC report, by contrast, projected a 
best-estimate rise of less than 2 millimetres per year. 

Now three researchers from Taiwan's National Central University 
have calculated that, in the last half-century, water run-off 
impounded on land (principally in dams) would have raised sea 
levels by another 3 centimetres, or an average of 0.55 millimetres per 
year, if it had been allowed to reach the sea. This means that the 
contribution to sea-level rises from ice-sheet disintegration has been 
underestimated, which leads to the conclusion that the runoff from 
melting mountain glaciers, including the Himalayas, is much 
greater than previously thought. 

In late 2006, work by Stefan Rahmstorf of the Potsdam Institute 
for Climate Impact Research (PICIR) concluded that previous 
estimates of how much the world's sea level will rise as a result of 
global warming might have been seriously underestimated. 
Rahmstorf, an ocean physicist, said that the data now available 
'raises concerns that the climate system, in particular sea level, may 
be responding more quickly than climate models indicate'. Even 
before the IPCC's first report for 2007 was released in February, 
Robert Corell said that any prediction of a sea-level rise by 2100 of 
less than a metre would 'not be a fair reflection of what we know'. 

The final IPCC 2007 report, released on 16 November, drew 
together individual reports published earlier in the year. It 



contained the following qualification: 'Because understanding of 
some important effects driving sea-level rise is too limited, this 
report does not assess the likelihood, nor provide a best estimate or 
an upper bound for sea level rise.' It added that the official projected 
sea-level rise of 18 to 59 centimetres this century did 'not include 
uncertainties in climate-carbon cycle feedbacks nor the full effects 
of changes in ice sheet flow, therefore the upper values of the ranges 
are not to be considered upper bounds for sea level rise'. This begs 
the question: why were the official projections included at all if, in 
this innovative turn of phrase, 'the upper values of the ranges are 
not to be considered upper bounds'? 

So, how much will sea levels rise this century? At what rate will 
the Greenland and West Antarctic ice sheets disintegrate, and what 
influence will the earlier-than-anticipated loss of the Arctic sea-ice 
have on Greenland's rate of loss? These questions have caused 
turmoil in scientific circles, because it is generally acknowledged 
that the sea-level rise will be a good deal higher than the early-2007 
IPCC report suggests. 

The IPCC's projection of a sea-level rise of well under a metre by 
2100 was based on models that IPCC critics, including Michael 
Oppenheimer of Princeton, say '[do not] include the potential for 
increasing contributions from rapid dynamic processes in the 
Greenland and West Antarctic ice sheets, which have already had a 
significant effect on sea level over the past 15 years and could 
eventually raise sea level by many meters'. They say that, lacking 
such processes, 'models cannot fully explain observations of recent 
sea level rise, and accordingly, projections based on such models 
may seriously understate potential future increases'. 

Writing in the Guardian on 7 September 2007, environment 
correspondent Paul Brown reported that 'scientists monitoring 



[Arctic] events this summer say the acceleration could be 
catastrophic in terms of sea-level rise and make predictions this 
February [2007] by the [IPCC] far too low'. This topic is now the 
subject of urgent collaborative work between a number of agencies 
and research centres. There is also new concern about the 
contribution to sea-level rises that may be made by the West 
Antarctic ice sheet. 

James Hansen and his collaborators have taken a leading role in 
this discussion, in a number of recent peer-reviewed papers. Their 
essential argument, based on the paleoclimate record, is that the 
sea-level rise is likely to be about 5 metres this century if emissions 
continue down the 'business as usual' trajectory.  Here is the core of 
Hansen's expert opinion:  

I find it almost inconceivable that 'business as usual' 
climate change will not result in a rise in sea level measured 
in meters within a century ... 
Because while the growth of great ice sheets takes millennia, 
the disintegration of ice sheets is a wet process that can 
proceed rapidly ... 
[T]he primary issue is whether global warming will reach a 
level such that ice sheets begin to disintegrate in a rapid, 
non-linear fashion on West Antarctica, Greenland or both. 
Once well under way, such a collapse might be impossible 
to stop, because there are multiple positive feedbacks. In 
that event, a sea-level rise of several meters at least would 
be expected. 
As an example, let us say that ice sheet melting adds 1 
centimeter to sea level for the decade 2005 to 2015, and that 
this doubles each decade until the West Antarctic ice sheet 



is largely depleted. This would yield a rise in sea level of 
more than 5 meters by 2095. 
Of course, I cannot prove that my choice of a 10-year 
doubling time is accurate but I'd bet $1000 to a doughnut 
that it provides a far better estimate of the ice sheet's 
contribution to sea-level rise than a linear response. In my 
opinion, if the world warms by 2°C to 3°C, such massive 
sea-level rise is inevitable, and a substantial fraction of the 
rise would occur within a century. 'Business as usual' global 
warming would almost surely send the planet beyond a 
tipping point, guaranteeing a disastrous degree of sea-level 
rise. 
Although some ice sheet experts believe that the ice sheets 
are more stable, I believe that their view is partly based on 
the faulty assumption that the Earth has been as much as 
2 °C warmer in previous interglacial periods, when the sea 
level was at most a few meters higher than at present. 
There is strong evidence that the Earth now is within i°C of 
its highest temperature in the past million years. Oxygen 
isotopes in the deep-ocean fossil plankton known as 
foraminifera reveal that the Earth was last 2°C to 3°C 
warmer around 3 million years ago, with carbon dioxide 
levels of perhaps 350 to 450 parts per million. It was a 
dramatically different planet then, with no Arctic sea-ice in 
the warm seasons and sea level about 25 meters higher, give 
or take 10 meters. 
There is not a sufficiently widespread appreciation of the 
implications of putting back into the air a large fraction of 
the carbon stored in the ground over epochs of geologic 
time. The climate forcing caused by these greenhouse gases 



would dwarf the climate forcing for any time in the past 
several hundred thousand years — the period for which 
accurate records of atmospheric composition are available 
from ice cores. 
Models based on the 'business as usual' scenarios of the 
Intergovernmental Panel on Climate Change (IPCC) predict 
a global warming of at least 3°C by the end of this century. 
What many people do not realise is that these models 
generally include only fast feedback processes: changes in 
clouds, water vapour and aerosols. Actual global warming 
would be greater as slow feedbacks come into play: 
increased vegetation at high latitudes, ice sheet shrinkage 
and further greenhouse gas emissions from the land and 
sea in response to global warming. 
The IPCC's latest projection for sea-level rise this century is 
18 to 59 centimeters. Though it explicitly notes that it was 
unable to include possible dynamical responses of the ice 
sheets in its calculations, the provision of such specific 
numbers encourages a predictable public belief that the 
projected sea level change is moderate, and indeed smaller 
than in the previous IPCC report. There have been 
numerous media reports of 'reduced' predictions of 
sea-level rise, and commentators have denigrated 
suggestions that 'business as usual' emissions may cause a 
sealevel rise measured in meters. However, if these IPCC 
numbers are taken as predictions of actual sea-level rise, as 
they have been by the public, they imply that the ice sheets 
can miraculously survive a 'business as usual' climate 
forcing assault for a millennium or longer. 



There are glaciologists who anticipate such long response 
times, because their ice sheet models have been designed to 
match past climate changes. However, work by my group 
shows that the typical 6000-year timescale for ice sheet 
disintegration in the past reflects the gradual changes in 
Earth's orbit that drove climate changes at the time, rather 
than any inherent limit for how long it takes ice sheets to 
disintegrate. Indeed, the paleoclimate record contains 
numerous examples of ice sheets yielding sea-level rises of 
several meters per century when forcings were smaller than 
that of the 'business as usual' scenario. For example, about 
14,000 years ago, sea level rose approximately 20 meters in 
400 years, or about 1 meter every 20 years. 
There is growing evidence that the global warming already 
under way could bring a comparably rapid rise in sea level. 
The process begins with human-made greenhouse gases, 
which cause the atmosphere to be more opaque to infrared 
radiation, thus decreasing radiation of heat to space. As a 
result, the Earth is gaining more heat than it is losing: 
currently 0.5 to 1 watts per square meter. This planetary 
energy imbalance is sufficient to melt ice corresponding to 1 
meter of sea-level rise per decade, if the extra energy were 
used entirely for that purpose — and the energy imbalance 
could double if emissions keep growing. So where is the 
extra energy going? A small part of it is warming the 
atmosphere and thus contributing to one key feedback on 
the ice sheets: the 'albedo flip' that occurs when snow and 
ice begin to melt. Snow-covered ice reflects back to space 
most of the sunlight striking it, but as warming air causes 
melting on the surface, the darker ice absorbs much more 



solar energy. This increases the planetary energy imbalance 
and can lead to more melting. Most of the resulting 
meltwater burrows through the ice sheet, lubricating its 
base and speeding up the discharge of icebergs to the 
ocean. 
The area with summer melt on Greenland has increased 
from around 450,000 square kilometers when satellite 
observations began in 1979 to more than 600,000 square 
kilometers in 2002. Seismometers around the world have 
detected an increasing number of earthquakes on 
Greenland near the outlets of major ice streams. The 
earthquakes are an indication that large pieces of the ice 
sheet lurch forward and then grind to a halt because of 
friction with the ground. The number of these 'ice quakes' 
doubled between 1993 and the late 1990s, and it has since 
doubled again. It is not yet clear whether the quake number 
is proportional to ice loss, but the rapid increase is cause for 
concern about the long-term stability of the ice sheet. 
Additional global warming of 2°C to 3°C is expected to 
cause local warming of about 5°C over Greenland. This 
would spread summer melt over practically the entire ice 
sheet and considerably lengthen the melt season. In my 
opinion it is inconceivable that the ice sheet could 
withstand such increased meltwater for long before starting 
to disintegrate rapidly, but it is very difficult to predict 
when such a period of large, rapid change would begin. 
Summer melt on West Antarctica has received less 
attention than on Greenland, but it is more important. The 
West Antarctic ice sheet, which rests on bedrock far below 
sea level, is more vulnerable as it is being attacked from 



below by warming ocean water, as well as from above by a 
warming atmosphere. Satellite observations reveal 
increasing areas of summer melt on the West Antarctic ice 
sheet, and also a longer melt season*; [from 'Huge sea level 
rises are coming — unless we act now', New Scientist, 28 
July 2007]  

 
* Warmings in this quoted material are relative to the temperature 
in 2000.

 
Hansen's argument has been cited at length here because he is 

one of the world's most influential and outspoken climate scientists. 
He has provided a compelling critique of the limitations of the IPCC 
models, and has helped to evolve a new understanding of the 
mechanics of rapid ice-sheet disintegration. He played a significant 
role in public debate in the US about global warming, and twice 
testified before the Congress on climate change: the first occasion, 
in 1987, caused a minor controversy when Hansen insisted that his 
group of climate modellers could 'confidently state that major 
greenhouse climate changes are a certainty', and that 'the global 
warming predicted in the next 20 years will make the Earth warmer 
than it has been in the past 100,000 years'. 

Hansen has also endured having funds for the NASA Goddard 
Institute for Space Studies slashed by the Bush administration, 
because he refused to stop his public advocacy on climate action 
and policy. Now he has staked his professional reputation on the 
issue of the speed of sea-level rises, with his preparedness, in his 
own words, to bet '$1000 to a doughnut' that his view is closer to the 
mark than the view of the IPCC. 



The incongruity of the IPCC's sea-level projection for 2100 can be 
seen in the following figure, which illustrates mean global 
temperature and sea level (relative to today) at different times in 
Earth's history, alongside the IPCC projection for 2100 (the outline 
circle). For the longer term, the paleoclimate data suggests a much 
higher sea-level rise at equilibrium than that projected by the IPCC 
for this century. 

 

 
Global temperature and sea level 

Mean global temperature and sea level (relative to today's) at 
different times in Earth's history, compared with the IPCC 
projection for the year 2100. Courtesy David Archer.  
 
Now, with new Arctic data, Hansen has firmed his outlook. He told 
the December 2007 AGU meeting that there is 'already enough 
carbon in Earth's atmosphere to ensure that sea levels will rise 



several feet in coming decades', because the world, including 
Greenland, passed the tipping point for major ice-sheet loss decades 
ago. 
 

But long before the Greenland or West Antarctic ice sheets fully 
disintegrate, even the loss of 20 per cent of Greenland's ice volume 
would be catastrophic. In his 2006 report to the UK government, Sir 
Nicholas Stern noted that:  

[C]urrently, more than 200 million people live in coastal 
floodplains around the world, with two million square 
kilometres of land and one trillion dollars worth of assets 
less than one metre elevation above current sea level. 
One-quarter of Bangladesh's population (~35 million people) 
lives within the coastal floodplain. Many of the world's 
major cities (22 of the top 50) are at risk of flooding from 
coastal surges, including Tokyo, Shanghai, Hong Kong, 
Mumbai, Kolkata, Karachi, Buenos Aires, St Petersburg, 
New York, Miami and London. In almost every case, the 
city relies on costly flood defences for protection. Even if 
protected, these cities would lie below sea level with a 
residual risk of flooding like New Orleans today. The homes 
of tens of millions more people are likely to be affected by 
flooding from coastal storm surges with rising sea levels. 
People in South and East Asia will be most vulnerable, 
along with those living on the coast of Africa and on small 
islands. 
Underground water is the largest reserve of fresh water on 
the planet, and more than two billion people depend on it. 
Long before rising seas inundate the land, aquifers will be 
contaminated. The 2006 conference of the International 



Association of Hydrogeologists heard that rising sea levels 
would lead to salt-water inundation of the aquifers used by 
cities such as Shanghai, Manila, Jakarta, Bangkok, Kolkata, 
Mumbai, Karachi, Lagos, Buenos Aires, and Lima. Fred 
Pearce described this problem in New Scientist on 16 April 
2006: 
The water supplies of dozens of major cities around the 
world are at risk from a previously ignored aspect of global 
warming. Within the next few decades rising sea levels will 
pollute underground water reserves with salt ... Long before 
the rising tides flood coastal cities, salt water will invade 
the porous rocks that hold fresh water ... The problem will 
be compounded by sinking water tables due to low rainfall, 
also caused by climate change, and rising water usage by 
the world's growing and increasingly urbanised population. 

 
In the low-lying eight-island Pacific nation of Tuvalu, 

contamination of water for domestic and agricultural use is already 
serious, and it is a growing concern in other regional states, 
including Kiribati and the Marshall Islands. 

While large sea-level-rise figures may seem abstract, a rise of 1 
metre will have a devastating impact on densely populated river 
deltas in the developing world, as homes and agricultural land are 
lost and damaged by storm surges. In industrialised regions, small 
rises will have severe impacts on coastal infrastructure: loss of 
beaches, ports, and shipping facilities; flooding of transport links; 
inundation of underground facilities, including sewers, water, 
electricity transmission, and communications infrastructure; as well 
as the loss of industrial and domestic buildings. 



The degree to which this rise would physically impinge on these 
coastal areas is hard to imagine, but one can get a powerful visual 
sense of it by using Google Maps with a sea-level rise overlay (for 
example, lood.firetree.net), which is instructive for understanding 
the lessons from the Arctic summer of 2007, and from West 
Antarctica. 

 
  



CHAPTER 5 
The Quickening Pace 

How sensitive is the Earth to changes in greenhouse gases and other 
influences that shape or 'force' the climate? In 1977, meteorologist 
Jule Charney developed what has become the yardstick for 
comparing estimates of 'climate sensitivity' (which is the warming 
estimated to occur if carbon dioxide levels were doubled from 
pre-industrial levels). 

Climate-sensitivity research has produced quite divergent results, 
particularly earlier on, but a warming of 3 degrees is now the widely 
accepted estimate, known as the 'Charney 3°C'. The main point is 
that, the higher the figure, the more trouble we are going to be in. 

The 2007 IPCC report uses Equilibrium Climate Sensitivity (ECS) 
models to conclude that the warming is 'likely to be in the range of 2 
to 4.5 degrees with a best estimate of about 3 degrees, and is very 
unlikely to be less than 1.5 degrees. Values substantially higher than 
4.5 degrees cannot be excluded, but agreement of models with 
observations is not as good for those values'. Nevertheless, a number 
of studies have found larger possible ranges, including ranges of 1-10 
degrees and 1.4-7.7 degrees. One study even suggested that there is a 
54 per cent likelihood that climate sensitivity lies outside the IPCC 
range. 

In 2006, Barrie Pittock, a former senior climate scientist for 
Australia's Commonwealth Scientific and Industrial Research 
Organisation (CSIRO), suggested that the 'dated IPCC view might 
underestimate the upper end of the range of possibilities', adding 
that there is 'a much higher probability of warmings by 2100 
exceeding the mid-level [climate sensitivity] estimate of 3 degrees'. 
He wrote in the journal Ecos that recent data suggests critical levels 



of global warming may occur at even lower greenhouse-gas 
concentrations than were considered to be the danger level in the 
2001 IPCC report, and identifies at least eight areas of concern. 
These include the lessening of global dimming, increased 
permafrost melting, release of soil carbon, Arctic sea-ice retreat, 
circulation change in mid to high latitudes, rapid changes in 
Greenland and Antarctica, increasing intensity of tropical cyclones, 
and a slowing of the Gulf Stream. 

A doubling of greenhouse gases would take the pre-industrial 
carbon dioxide level of 280 parts per million to 560 parts per million. 
Given that carbon dioxide levels in the atmosphere are now at 387 
parts per million, we are already one-third of the way to that 
doubling. And if we take into account the warming of 0.8 degrees 
that we've experienced so far, and add the delayed warming (still in 
the pipeline) of 0.6 degrees, along with the 0.3-degree effect of the 
Arctic 'albedo flip', current climate-energy imbalances alone will, 
eventually, warm the planet by around 1.7 degrees. It seems likely, 
then, that the global temperature-increase which will occur at 560 
parts per million of carbon dioxide will be a lot more than the 
mid-range climate-sensitivity estimate of 3 degrees — especially if 
major ice sheets and rainforests are lost, and carbon sinks (such as 
the oceans and the soils, which absorb and release carbon as parts of 
the natural cycle) continue to weaken along the current trends. 

The 3-degree sensitivity estimate only takes into account 'fast' 
feedbacks that come into play quickly. Water vapour, for example, is 
a greenhouse gas, and the air holds more water vapour as the 
temperature increases, which produces a fast feedback. Other fast 
feedbacks include changes in cloud cover, snow cover, and sea-ice 
extent. 



The problem is that ECS models omit 'slow' feedbacks, such as ice 
sheet growth and decay, change in vegetation cover, permafrost 
melting and methane release, and carbon-cycle feedbacks, all of 
which amplify climate changes on time scales of decades to 
centuries. 

Hansen and Sato argue that, while the 'Charney 3°C' is reasonable 
in the short run, the total long-term climate sensitivity for fast and 
slow feedbacks is likely to be 'about 6 degrees for doubled carbon 
dioxide', based on the paleoclimate data. In terms of the time scale 
of the last three decades, they say: 

[T]he Charney sensitivity is a good approximation, as little 
contribution from slow feedbacks would be expected. Thus 
climate models with 3-degree sensitivity for doubled carbon 
dioxide, incorporating only the fast feedbacks, are able to 
achieve good agreement with observed warming of the past 
century. We suggest, however, [that] these models provide 
only a lower limit on the expected warming on century time 
scales due to the assumed forcings. The real world will be 
aiming in the longer run at a warming corresponding to the 
higher climate sensitivity [of 6 degrees]. Hansen and Sato 
say that 'slower' feedbacks (including the pole-ward 
movement of forests, shrinking and loss of ice sheets, and 
release of methane from melting tundra) are likely to be 
significant on decade-to-century timescales, as we are now 
starting to witness. Those slower feedbacks mean that 
coming to an understanding of what would constitute 
'dangerous' climate change becomes more urgent, as does 
finding a path to avoid it. 

 



Paleoclimate data identifies the impact that these missing slow 
feedbacks have in pushing temperatures higher than expected. New 
research matching greenhouse-gas levels with the Earth's 
temperature over the last 450,000 years has established the climate 
sensitivity with slow feedbacks to be 6 degrees. Fifty-five million 
years ago, in the Arctic, temperatures were 11 degrees warmer than 
the ECS models would predict — which also suggests that other 
feedback mechanisms were at work. 

A paper published in the June 2005 issue of Nature supports the 
theory of even higher climate sensitivity. It describes research led by 
Meinrat Andreae of the Max Planck Institute for Chemistry in 
Germany, which used climate models and various aerosol-cooling 
assumptions to find the 'best fit' for the data involved in a climate 
sensitivity in excess of 6 degrees. By studying the planet's climate 
history over the last 50 years and fitting it to various climate-model 
options, they concluded that the effects of airborne particle 
pollution (or aerosols: soot and exhausts from burning fossil fuels, 
industrial pollution, and dust storms) and climate sensitivity are 
both much higher than generally assumed. They say that greater 
pollution controls and 'clean air' legislation will remove much of the 
aerosol cooling, and that if carbon dioxide levels are double their 
pre-industrial levels by 2100, a rise of 6 degrees can be expected. 
When this understanding is combined with predictions that parts of 
the natural carbon cycle after 2050 will reverse from being net 
absorbers to net emitters of carbon, they say that warming by 2100 
may be as high as 10 degrees. 

These findings have enormous implications. A long-term climate 
sensitivity of 6 degrees would mean that we have already passed the 
widely advocated 2-degree threshold of dangerous anthropogenic 
interference with the climate. It would, therefore, require us to find 



the means to engineer a rapid reduction of current atmospheric 
greenhouse gas even to restrict global warming to below 2 degrees 
— a target which we believe is, in any case, far too high. 

A key question is whether the slow feedbacks have started to 
operate. In the case of the Greenland and Antarctic ice sheets, the 
data is already disturbing. One of the most important slow 
feedbacks to be considered is the reversing of the carbon cycle — as 
the oceans and soils take up less carbon dioxide — and the 
significant amounts of methane and carbon dioxide that are 
released 
by the permafrost. 

Understanding how the carbon cycle works and how changes in 
the cycle will affect global warming are important in understanding 
the scale of action required to avoid catastrophic climate changes. 

The carbon cycle is the flow and exchange of carbon in its various 
forms (including carbon dioxide, methane, and calcium carbonate) 
between the planet's four large, interconnected carbon reservoirs: 
the atmosphere (carbon dioxide); the oceans (carbon dioxide 
dissolved in seawater, carbon incorporated in living and non-living 
plants and animals, and methane trapped under pressure on the 
ocean floor); fossil organic carbon (coal, gas, and oil); and the 
land-surface biosphere (including soils, plants, and freshwater 
systems). Larger amounts are stored in the Earth's crust as rock 
carbonates, but these are relatively immobile. 

The greatest carbon reservoir is the ocean, which contains about 
six times the amount of carbon that is stored in plants and soils. The 
fossil-fuels reservoir is of similar size to the land surface biosphere, 
while the atmospheric sink is the smallest. 

Carbon flows between these reservoirs are driven by a variety of 
biological, physical, and chemical processes. Examples include 



extracting and burning fossil fuels; animal respiration; the exchange 
between the atmosphere and the oceans; drawing down carbon 
from the atmosphere by plant photosynthesis; and destroying 
forests by fire, land clearing, or decomposition. 

Carbon reservoirs that absorb more carbon dioxide than they 
emit are called carbon sinks (as opposed to carbon sources, which 
emit more carbon dioxide than they absorb). The ocean is a carbon 
dioxide sink that responds rapidly to rising levels of atmospheric 
carbon, but not rapidly enough to meet the present need. The ocean 
water soaks up some of the additional carbon dioxide, and calcifying 
marine organisms absorb some of it (with subsequent burial in 
sea-floor sediments). Forests and grasslands also absorb some 
carbon dioxide by photosynthesis. Much of the carbon dioxide, 
however, remains in the atmosphere. 

Many sinks governed by living organisms become less effective as 
the environment heats up. Though it has long been expected that 
the capacity of the Earth's carbon-drawdown mechanisms would 
decrease due to human activity and as a consequence of higher 
temperatures, changes already observed suggest that this is 
happening earlier than anticipated. The fraction of total 
human-caused carbon dioxide emissions that remain in the 
atmosphere has increased slowly with time — which implies a slight 
weakening of sinks, relative to emissions. 

But some sinks may get to a point where they stop drawing down 
carbon and start emitting it instead. In 2000, a landmark study led 
by Peter Cox, then at the UK's Hadley Centre, found that about half 
the present emissions are being absorbed by the ocean and by land 
ecosystems. But this absorption is sensitive to the climate, as well as 
to atmospheric carbon dioxide concentrations. These two factors are 
creating a feedback loop, so that, under a 'business as usual' 



scenario, the terrestrial biosphere will only act as an overall carbon 
sink until about 2050, when it will fail and revert to being a carbon 
source. This slow feedback will increase temperatures by another 1.5 
degrees by 2100. 

Research published in October 2007 by Joseph Canadell, the 
executive director of the Global Carbon Project, confirmed that 
significant contributions to the growth of atmospheric carbon 
dioxide arise from the slow-down in the rate of absorption of 
natural sinks, or from 'a decrease in the planet's ability to absorb 
carbon emissions due to human activity'. According to Canadell: 
'Fifty years ago, for every tonne of carbon dioxide emitted, 600kg 
were removed by land and ocean sinks. However, in 2006, only 
550kg were removed per tonne and that amount is falling.' The data 
suggests that from 1959-2006 there was an implied decline of 10 per 
cent in the efficiency of natural sinks. Of the recent acceleration in 
the rise of atmospheric carbon dioxide levels, 18 per cent is 
attributed to the decreased efficiency of natural sinks. 

Another key factor in this decreased efficiency has been identified 
by Peter Cox, now at Britain's Centre for Ecology and Hydrology in 
Dorset, who says that while plants are absorbing more carbon 
dioxide (because photosynthesis speeds up with warming), warming 
also encourages plant material in the soil to break down and release 
carbon dioxide. A lag between these events has seen the rise in 
carbon dioxide levels slowed for the last two decades; but science 
writer Fred 
Pearce says, 'Soon the biosphere will start to speed it up'. According 
to Cox, a possible surge of carbon dioxide into the atmosphere in 
2003 is the first evidence of this process. 

Cox spent years researching carbon cycles while at the Hadley 
Centre in Exeter, which has one of the world's most highly regarded 



climate- modelling systems. A summary of some of the centre's 
modelling work, published in 2005, included two startling graphs. In 
one, the amount of total carbon stored in the Amazon forest and 
soils shows a drop from around 70 billion tonnes of carbon in 2000 
to just 20 billion tonnes of carbon by 2100. The second, using the 
same technique, compares vegetation and soil carbon levels in 2100 
to those in 1850. While vegetation carbon had increased by about 60 
billion tonnes of carbon by 2100, the amount of soil carbon had 
decreased by 130 billion tonnes. 

The Amazon hosts a quarter of the world's species, and accounts 
for 15 per cent of land-based photosynthesis, as well as being an 
engine of regional and global atmospheric circulation and regional 
rainfall. Yadvinder Malhi of the Environmental Change Institute in 
Oxford led a team that concluded that the Amazon is warming at 
0.25 degrees per decade, a rate twenty-five times faster than the 
temperature increase at the end of last ice age. There has already 
been an observed drying. Periods of recent drought in parts of the 
Amazon have increased the frequency of forest fires. With a total 
biomass store of 120 billion tonnes of carbon and predictions of 
large-scale drought in the eastern Amazon, the release of stored 
carbon by wildfires would be catastrophic. 

Professor Guy Kirk of Britain's National Soil Resources Institute 
calculated that since 1978, the carbon lost by Britain's soil has 
increased by 13 million tonnes of carbon dioxide per year — more 
than the 12.7 million tonnes a year that Britain saved by cleaning up 
its industrial emissions as part of its commitment to the Kyoto 
Protocol. The loss is likely to be due to plant matter and soil organic 
material decomposing at a faster rate as temperatures rise — an 
effect that is expected to compound as temperatures increase. 'It's a 
feedback loop,' says Kirk. 'The warmer it gets, the faster it is 



happening.' It is thought that the terrestrial carbon sink will begin 
to convert to a carbon source at an increase of 2-3 degrees. 

Bristol University researchers also argue that the previously 
unexplained surge of carbon dioxide levels in the atmosphere in 
recent years is due to more greenhouse gas escaping from trees, 
plants, and soils. Global warming is making vegetation less able to 
absorb the carbon pollution pumped out by human activity. 
Wolfgang Knorr believes that 'we could be seeing the carbon cycle 
feedback kicking in, which is good news for scientists because it 
shows our models are correct. But it's bad news for everybody else'. 
Another bad sign comes from Canada's Manitoba region, where a 
study of a one-million-square-kilometre area of northern boreal 
forest found that the area is now releasing more greenhouse gases 
than it absorbs, because of an increased incidence of forest fires. 
This is consistent with predictions that climate change, by 
producing hotter and drier conditions, would lead to more fires. 
'Those wildfires have caused this transition in the boreal forest from 
a carbon sink to a carbon source ... Climate change is what's causing 
the fires; if it was left unchecked, it could become a feedback,' says 
Tom Gower of the University of Wisconsin. A further consequence 
of wildfires is that more sunlight reaches the ground. This increases 
the rate of decomposition of organic matter, releases more carbon 
dioxide and, perhaps, contributes to the melting of the underlying 
permafrost. 

Burning rainforests are also emitting hundreds of millions of 
tonnes of carbon dioxide each year. During the 2005-06 Amazon 
drought, thousands of square kilometres of land burned for months, 
releasing more than 100 million tonnes of carbon. Philip Fearnside 
of the National Institute for Research in the Amazon says that 'the 
threat of a "permanent El Nino" is to be taken very seriously ... 



Disintegration of the Amazon forest, with release of the carbon 
stocks in the biomass and soil, would be a significant factor in 
pushing us into a runaway greenhouse'. Daniel Nepstad, head of the 
Woods Hole Research Center's Amazon program, says: 

[It is] not out of the question to think that half of the basin 
will be either cleared or severely impoverished just 20 years 
from now ... The nightmare scenario is one where we have a 
2005-like year that extended for a couple of years, coupled 
with a high deforestation where we get huge areas of 
burning, which would produce smoke that would further 
reduce rainfall, worsening the cycle. A situation like this is 
very possible. While some climate modellers point to the 
end of the century for such a scenario, our own field 
evidence coupled with aggregated modelling suggests there 
could be such a dieback within two decades. 
 

In October 2007, there were more than 10,000 points of fire across 
the Amazon, most of them having been set by ranchers to clear land. 
'These fires are the suicide note of mankind,' says Hylton 
Murray-Philipson of the London-based charity Rainforest Concern. 

A survey on tipping points, led by Tim Lenton of the University of 
East Anglia and published in early 2008, found that leading 
researchers estimated that there was a medium risk that the 
Amazon would be largely destroyed by 2050. (Regarding other 
potential tipping points, they also estimated a medium risk of the 
Indian summer monsoon destabilising within one year; the West 
African monsoon collapsing in 10 years; and the Arctic boreal forest 
dying in 50 years.) 

Total carbon emissions from tropical deforestation are estimated 
at 1.5 billion tonnes of carbon a year, including illegal fires in 



Indonesia's vast peatlands, the haze from which regularly blankets 
Sumatra and Malaysia. Indonesia's peat swamps contain 21 per cent 
of the Earth's land-based carbon, and are now subject to increasing 
clearing, drying, and burning. During the 1997 El Nino event, an 
estimated 0.81- 2.57 billion tonnes of carbon was released to the 
atmosphere as a result of burning peat and vegetation in Indonesia. 
This is equivalent to 13-40 per cent of the mean annual 
global-carbon emissions from fossil fuels. This burning also 
contributed greatly to the largest annual increase in atmospheric 
carbon dioxide concentration ever detected since records began in 
1957. 

New analysis of two decades of data from more than 30 sites also 
indicates that the ability of forests in the frozen north to soak up 
man-made carbon dioxide is weakening. 

The melting of permafrost (permanently frozen soil, or soil below 
the freezing point of water) is another 'slow' feedback that is adding 
to global warming. As the Arctic warms, permafrost in the northern 
boreal forests, and further north in the Arctic tundra, is starting to 
melt. As it melts, its thick layers of thawing peat trigger the release 
of methane and carbon dioxide, both greenhouse gases. 

With less than 1 degree of warming, Arctic ground that has been 
frozen for 3000 years is melting and producing thermokarst (a land 
surface that forms as ice-rich permafrost melts). Even under 
scenarios of modest climate warming, this could affect 10-30 per 
cent of Arctic lowland landscapes, and severely alter tundra 
ecosystems. As the permafrost thaws, lakes form and microbes 
convert the soil's organic matter into methane. The methane 
bubbles through the surface water into the atmosphere. In dry 
conditions, the warming soil also releases carbon dioxide. 



A 2006 study found that Siberia's thawing wetlands are a 
significant, underestimated source of atmospheric methane, with 
lakes in the region growing in number and size, and emission rates 
appearing to be five times higher than previously estimated. The 
NCAR in Boulder predicts that half of the permafrost will thaw to a 
depth of 3 metres by 2050. As glaciologist Ted Scambos says: 'that's a 
serious runaway ... a catastrophe lies buried under the permafrost.' 

The western Siberian peat bog is amongst the fastest-warming 
places on the planet, and Sergei Kirpotin of Tomsk State University 
calls the melting of frozen bogs an 'ecological landslide that is 
probably irreversible'. One estimate puts methane releases from the 
current area of melting bog at 100,000 tonnes per day. 

Russian Arctic climate researcher Sergei Zimov frames the gravity 
of the situation well: 'Permafrost areas hold 500 billion tonnes of 
carbon, which can fast turn into greenhouse gases ... The deposits of 
organic matter in these soils are so gigantic that they dwarf global 
oil reserves ... If you don't stop emissions of greenhouse gases into 
the atmosphere ... the Kyoto Protocol will seem like childish prattle.' 

The ocean carbon-cycle feedback is also a significant 
slow-feedback contributor. Part of the decline in sink capacity 
comes from a decrease of up to 30 per cent in the efficiency of the 
Southern Ocean sink over the last 20 years. This decrease has been 
attributed to the strengthening of the winds around Antarctica, 
which enhances ventilation of natural, carbon-rich deep waters. 
Lead author Corinne Le Quere of the University of East Anglia says: 

This is the first time that we've been able to say that climate 
change itself is responsible for the saturation of the 
Southern Ocean sink. This is serious. All climate models 
predict that this kind of 'feedback' will continue and 
intensify during this century. The Earth's carbon sinks — of 



which the Southern Ocean accounts for 15 per cent — 
absorb about half of all human carbon emissions. With the 
Southern Ocean reaching its saturation point, more carbon 
dioxide will stay in our atmosphere. This finding follows 
pioneering work by CSIRO marine research scientists, 
including Stephen Rintoul and John Church, that seeks to 
understand how the Southern Ocean influences the climate 
system, its patterns of circulation, and the region's role in 
the global ocean-circulation system. 
 

Measurements of the North Atlantic taken between the mid-1990s 
and 2005 found that, in the course of that decade, the amount of 
carbon dioxide in the water had reduced by half. It is suggested that 
warmer surface water was reducing the amount of carbon dioxide 
being carried down into the deep ocean. Lead researcher, Andrew 
Watson of the University of East Anglia, concludes: 'We suspect that 
it is climatically driven, that the sink is much more sensitive to 
changes in climate than we expected ... if you have a series of 
relatively warm winters, the ocean surface doesn't cool quite so 
much ... so the carbon dioxide is not being taken down into the 
deep water'. He warned that the process may fuel climate change: 'It 
will be a positive feedback, because if the oceans take up less carbon 
dioxide then carbon dioxide will go up faster in the atmosphere and 
that will increase the global warming.' 

Satellite data gathered over the past ten years shows that the 
growth of marine algae, the basis of the entire ocean food chain, is 
being affected adversely by rising sea temperatures. Algae, the 
microscopic plants that permeate the oceans, remove up to 50 
billion tonnes of carbon dioxide per year from the Earth's 



atmosphere. This system is as effective in removing carbon dioxide 
from the air as all plant life on the planet's land surface. 

Jeff Polovina of Hawaii's National Marine Fisheries Service 
laboratory says that satellite imagery shows that green colouration 
(indicating chlorophyll life) in the middle of the ocean is fading 
away: 'The regions that are showing the lowest amount of plant life, 
which [are] sometimes referred to as the biological deserts of the 
ocean, are growing at roughly 1 to 4 per cent per year.' While such 
areas expanding are consistent with global warming scenarios, the 
rates of expansion already observed greatly exceed recent model 
predictions. 

Increasing ocean acidification will also weaken marine life. This 
occurs as some of the carbon dioxide absorbed by the ocean reacts 
with water molecules to produce carbonic acid, which lowers the 
ocean's pH. The oceans are already 30 per cent more acidic than 
they were at the beginning of the Industrial Revolution, more than 
two centuries ago. If emissions continue at 'business as usual' rates, 
carbon dioxide levels in the oceans will rise so high that, by 2050, 
the ocean will be so acidic that current US water-quality standards 
would have to categorise it as industrial waste. Stanford 
University chemical oceanographer Ken Caldeira states that, if 
unabated, this could potentially cause the extinction of many 
marine species: 'What we're doing in the next decade will affect our 
oceans for millions of years ... carbon dioxide levels are going up 
extremely rapidly, and it's overwhelming our marine systems.' 

Waters around the Great Barrier Reef are also acidifying at a 
higher-than-expected rate. Ecosystem collapse caused by 
acidification will likely reduce marine biomass and, therefore, the 
capacity of the oceans to absorb carbon dioxide. Professor Malcolm 
McCulloch of the Australian National University says that, contrary 



to previous predictions, this acidification is now taking place over 
decades, rather than centuries: '[T]he new data on the Great Barrier 
Reef suggests the effects are even greater than forecast.' 

Accumulating evidence suggests that slow feedbacks from oceans, 
soils, and permafrost are already affecting the climate system.
  



CHAPTER 6  
Most Species, Most Ecosystems 

Martin Parry, co-chairman of one of the three IPCC working groups, 
told his audience at the launch of the full 2007 IPCC report on the 
impacts of global warming: 'We are all used to talking about these 
impacts coming in the lifetimes of our children and grandchildren. 
Now we know that it's us.' He said that destructive changes in 
temperature, rainfall, and agriculture were now forecast to occur 
several decades earlier than expected — and that means a huge 
threat to biodiversity. 

As global temperatures rise, many species have to migrate 
towards the poles to stay in their habitable zones. If they can't 
migrate at sufficient speed, many species will be lost, and many 
ecosystems will degrade. During rapid change, such as the 
deglaciation and warming that occurred after the last ice age about 
15,000 years ago, some widespread and dominant species became 
extinct when temperatures rose 5 degrees over a span of 5000 years. 
That is a rate of increase of 0.01 degrees per decade — 20 times 
slower than today's rate of change. 

Cagan Sekercioglu from Stanford University says that the IPCC's 
worst-case scenario to 2100, combined with extensive habitat loss, 
would result in the extinction of around 30 per cent of land bird 
species. With warming, birds will try to move to higher altitudes. 
Once the top of a mountain is reached, there is nowhere left to go. 
In the lowland tropics, where most bird species live, there can be no 
significantly higher slopes to which they can retreat. 

The rate of change in temperature is also very important in 
determining the impact it will have, because many ecosystems and 
species are sensitive to small temperature changes. A study by Rik 



Leemans and Bas Eickhout found that if a 2-degree impact builds up 
slowly over 1000 years, most affected ecosystems are likely to adapt 
(most often by moving); but if the same rise happens in 50 years (0.4 
degrees per decade), many ecosystems will deteriorate rapidly. 

At 0.4 degrees per decade, the isotherms (bands of equal 
temperatures) will be moving towards the poles at about 120 
kilometres per decade; at this rate of temperature change, most 
ecosystems will be torn apart. Interestingly, Australia's birds are 
moving south at a rate of 100-150 kilometres a decade with only half 
this rate of warming. Very fast-moving species will migrate with the 
temperature changes if they can survive in the ecosystems into 
which they move. Slow-moving species will not be able to keep up 
with the movement of their preferred temperature band and, unless 
they are tolerant of high temperatures and not dependent on species 
that have moved on, they will die out. At 0.4 degrees of change per 
decade, the isotherms are moving so fast that virtually all 
ecosystems will not be able to survive, and very large percentages of 
the dependent species will die out; yet this is the rate anticipated in 
some of the IPCC scenarios by mid-century, and few scenarios 
anticipate rates of less than 0.3 degrees per decade. 

A 2007 study of the IPCC report's low- and high-emission 
scenarios, led by Dian Seidel of the NOAA in Washington, found 
that up to 39 and 48 per cent, respectively, of the Earth's terrestrial 
surface may experience novel and disappearing climates by 2100. 
Work published two years earlier projected the effects on 1350 
European plant species under seven climate-change scenarios, and 
found that more than half could be vulnerable or threatened by 
2080. The risk of extinction for European plants may be large, even 
in moderate scenarios of climate change. 



Over the past 25 years, the area defined as 'climatologically 
tropical' has expanded to the north and south, away from the 
equator by about 2.5 degrees of latitude in each direction. This is 
equivalent to a rate of 110 kilometres per decade, and is greater than 
the IPCC's worst-case scenario of a total predicted shift of 2 degrees 
of latitude by 2100. This will disrupt the tropical-temperate 
geographic transition of ecosystems and, if maintained over a 
century timescale, it suggests that few of the affected ecosystems 
would adapt at the implied warming of greater than 0.3 degrees per 
decade. 

Seidel and her team also found that the expanding equatorial belt 
has 'potentially important implications for subtropical societies and 
may lead to profound changes to the global climate system'. They 
argue that the pole-ward movement of large-scale atmospheric 
circulation systems such as jet streams and storm tracks 'could 
result in shifts in precipitation patterns affecting natural ecosystems, 
agriculture and water resources'. Of particular concern to them are 
subtropical dry belts that could affect water supplies, agriculture, 
and ecosystems over vast areas of the Mediterranean, the 
south-western United States, northern Mexico, southern Australia, 
southern Africa, and parts of South America. 

For wooded tundra, an average of 27 per cent of the ecosystem 
would remain in place for a warming of 3 degrees in 100 years — or 
0.3 degrees per decade, over a century timescale. At that rate, IPCC 
lead authors Rik Leemans and Bas Eickhout found that 'only 30 per 
cent of all impacted ecosystems ... and only 17 per cent of all 
impacted forests' can adapt. If the rate were to exceed 0.4 degrees 
per decade, all ecosystems would be quickly degraded, opportunistic 
species would dominate, and the breakdown of biological material 



would lead to even greater emissions of carbon dioxide. This would, 
in turn, increase the rate of warming. 

With emissions already tracking higher than the worst scenario of 
the IPCC, we must conclude that 'business as usual' would see the 
destruction or degradation of most species and most ecosystems by 
mid-century. 
  



CHAPTER 7 
The Price of Reticence 

Roger Jones is a CSIRO principal research scientist. On 10 December 
2007, in Melbourne's Herald Sun, he issued this call for scientists to 
overcome their aversion to risk taking: 

Often, scientists do not like to release their results until 
they are confident of the outcome. Important decisions 
need to be made now and cannot wait another five to seven 
years. Scientists will have to leave their comfort zone and 
communicate their findings on emerging risks, even when 
scientific confidence in those findings may be low... 
Sometimes, it is worth taking some risks in the short term 
to avoid worse risks down the track. We have spent too 
long being risk-averse about short-term costs and ignored 
the benefits of avoiding long-term damages.  
 

If only the IPCC would adopt such an attitude. Those turning to 
the 2007 IPCC reports for an up-to-date, authoritative view on 
global warming will find little of the real discussion of the events in 
the Arctic with which we started our story. The 2007 report is the 
IPCC's strongest call yet for governments, businesses, and 
communities to act immediately to reduce greenhouse emissions. 
But it is not enough, because it is based on outdated and incomplete 
data sets. The IPCC's four-year schedule for producing reports 
requires a submission deadline for scientific papers that is often two 
years, or more, before the report's final publication. What happens 
if there is significant new evidence, or dramatic events that change 
our understanding of the climate system, in the gap between the 
science reporting deadline and publication? They don't get a 



mention, which means that the IPCC report — widely viewed as the 
climate-change Bible — is behind the times even before it is 
released, though some new data is presented at forums. 

On 28 January, just days before the release of the first of the 
IPCC's 2007 reports, the science editor of The Observer, Robin 
McKie, told of a serious disagreement between scientists over the 
report's contention that Antarctica will be largely unaffected by 
rising world temperatures: 

[M]any researchers believe it does not go far enough. In 
particular, they say it fails to stress that climate change is 
already having a severe impact on the continent and will 
continue to do so for the rest of century. At least a quarter 
of the sea-ice around Antarctica will disappear in that time, 
say the critics, though this forecast is not mentioned in the 
study. One expert denounced the [IPCC] report as 
'misleading'. Another accused the panel of 'failing to give 
the right impression' about the impact that rising levels of 
carbon dioxide will have on Antarctica. 

 
As McKie notes, the IPCC is, necessarily, a careful body.  Its 

reports involve the synthesis of many hundreds of pieces of research, 
and cooperation between many authors and contributors, such that 
only points that are considered indisputable by all of them are 
included: 'This consensus deflects potential accusations that the 
body might be exaggerating the threat to the planet. But the critics 
say it also means its documents tend to err too much on the side of 
caution.' 

Under intense pressure from global-warming deniers, the IPCC 
has adopted some methods that have gone beyond being 'careful' 
and are now simply conservative. 



Fred Pearce, writing in New Scientist on 10 February 2007, tells of 
an IPCC review process that was 'so rigorous that research deemed 
controversial, not fully quantified or not yet incorporated into 
climate models was excluded'. Pearce wrote: 'The benefit — that 
there is now little room left for sceptics — comes at what many see 
as a dangerous cost: many legitimate findings have been frozen out.' 
After interviewing many of the scientists involved, he described the 
process as 'a complex mixture of scientific rigour and political 
expediency [that] resulted in many of the scientists' more scary 
scenarios for climate change, those they constantly discuss among 
themselves, being left on the cutting room floor'. 

The peer-review process for experimental science is conservative, 
insisting on verifiable, reproducible results. Peer-review can 
significantly delay the full publication of new findings. When 
research produces a range of outcomes with differing probabilities 
or risks, there is a tendency for the general reader, and even 
policy-makers, to be drawn to the middle position — or even to the 
low end of the range, which requires less action. 

Wider uncertainties in climate science and the vulnerabilities of 
species to fast rates of temperature change are good examples, 
because they drive us to consider the worst outcomes — not just the 
scenarios that have average effects. Some of the high-impact 
scenarios considered by the IPCC to be 'extreme' are now looking 
quite likely. 

Barrie Pittock says that uncertainties in climate-change science 
are inevitably large, due to inadequate scientific understanding, and 
to uncertainties in human agency or behaviour. He 
says: 

[Policies] must be based on risk management, that is, on 
consideration of the probability times the magnitude of any 



deleterious outcomes for different scenarios of human 
behaviour. A responsible risk-management approach 
demands that scientists describe and warn about seemingly 
extreme or alarming possibilities, for any given scenario of 
human behaviour (such as greenhouse gas emissions), even 
if they appear to have a small probability of occurring. 

 
This, he says, is recognised in military planning, and is 

commonplace in insurance; the lesson for climate policy is that the 
object of policy advice must be to avoid unacceptable outcomes, not 
to determine the most apparent, likely, or familiar outcome. 

Michael Oppenheimer and three fellow scientists agree, arguing 
that the emphasis on consensus has put the spotlight on expected 
outcomes, which then become anchored via numerical estimates in 
the minds of policymakers; however, with the general credibility of 
the science of climate change established, they say it is now equally 
important that policy-makers understand the more extreme 
outcomes that consensus may exclude or downplay. 

In the case of the Arctic, for example, it is clear that this has not 
been done. James Hansen laments: 

For the last decade or longer, as it appeared that climate 
change may be underway in the Arctic, the question was 
repeatedly asked: 'Is the change in the Arctic a result of 
human-made climate forcings?' The scientific response was, 
if we might paraphrase, 'We are not sure, we are not sure, 
we are not sure ... Yup, there is climate change due to 
humans, and it is too late to prevent loss of all.' If this is the 
best that we can do as a scientific community, perhaps we 
should be farming or doing something else.  

 



Pittock has described the limitations of the IPCC process: 
 

Vested interests harboured by countries heavily reliant on 
fossil fuels for industry and development, or for export, lead 
to pressure to remove worst-case estimates; scientists ... 
tend to focus on 'best estimates', which they consider most 
likely, rather than worst cases that may be serious but 
which have only a small probability of occurrence; many 
scientists prefer to focus on numerical results from models, 
and are uncomfortable with estimates based on known but 
presently unquantified mechanisms; and due to the long 
(four-year) process of several rounds of drafting and peer 
and government review, an early cut-off date is set for cited 
publications (often a year before the reports appear). 

 
Inez Fung at the Berkeley Institute of the Environment says that 

for her research to be considered in the 2007 IPCC report, she had 
to complete it by 2004. 'There is an awful lag in the IPCC process,' 
she says, also noting that the special report on emission scenarios 
was published in 2000, and the data it contains were probably 
collected in 1998. 'The projections in the 2007 IPCC report [using 
the 2000 emission scenarios] are conservative, and that's scary', she 
says. 

There is a widespread view that the more extreme an outcome, in 
a range of possibilities, the less likely it is to occur. This can 
underestimate the role of feedbacks in a nonlinear world, and the 
evidence suggests that, in many cases, it is precisely the more 
extreme events that are coming true. 

The data surveyed strongly suggests that, in many key areas, the 
IPCC process has been so deficient as to be an unreliable and, 



indeed, a misleading basis for policy-making. We need to look to 
processes that are not dogged by politics, and to a more up-to-date 
and relevant scientific knowledge base that integrates recent data 
and findings, expert comment, and the need to account for the most 
unacceptable, but scientifically conceivable, outcomes. On that basis 
we can build strategies that will at least give us a real chance to 
avoid the great dangers manifest in the climate system, of which 
humanity has become both master and victim. 

The primary assumptions on which climate policy is based need 
to be interrogated. Take just one example: the most fundamental 
and widely supported tenet — that 3 degrees represents a 
reasonable maximum target if we are to avoid dangerous climate 
change — can no longer be defended. At less than a l-degree rise, 
the Arctic sea-ice is headed for rapid disintegration; in all likelihood, 
triggering the irreversible loss of the Greenland ice sheet, 
catastrophic sea-level increases, and global warming from the 
albedo flip. Many species and ecosystems face extinction from the 
speed of shifting isotherms. Our carbon sinks are losing capacity, 
the seas are acidifying, and the tropical rainforests are fragile and 
vulnerable. 

We have been lulled into a false sense of security by the stability 
of the climate during the Holocene period (the geological period 
that started 11,500 years ago, after the last glacial retreat, and which 
includes the whole period of human civilisation). Yet the period of 
ice ages and rapid deglaciations that occurred when the climate 
whipsawed between two states for millions of years is the usual 
mode. 'Abrupt change seems to be the norm, not the exception', 
says Will Steffen, head of the ANU's Fenner School of Environmen-
tal Science in Canberra. This is something we do not see, or do not 
want to see — and that incapacity means that, inevitably, abrupt 



changes, which our actions are now ensuring will occur, will be all 
the more devastating for our lack of foresight. 

If we could start all over again, surely we'd say that we need to 
stabilise the climate at an equilibrium temperature that would 
ensure the continuity of the Arctic ice. This safe level has long since 
been passed. We should have acted rapidly to restore and maintain 
the Arctic ice cap, with a safe margin for uncertainty and error, as 
soon as we knew there was a problem. But, given what has 
happened, what choices do we have now?
  



PART TWO 

Targets 

'We, the human species, are confronting a planetary emergency — a 
threat to the survival of our civilisation that is gathering ominous 
and destructive potential ... the Earth has a fever. And the fever is 
rising. The experts have told us it is not a passing affliction that will 
heal by itself. We asked for a second opinion. And a third. And a 
fourth. And the consistent conclusion, restated with increasing 
alarm, is that something basic is wrong. We are what is wrong, and 
we must make it right.' 

— Al Gore, Nobel Peace Prize acceptance speech,  
  11 December 2007

  



CHAPTER 8 What We Are Doing 

Something is wrong and we must make it right. This section 
explores the direction in which we must head to do so. How far 
must human greenhouse-gas emissions be reduced? What is a safe 
temperature zone? How do we get there? 

In answering these questions, our first task is to understand what 
the greenhouse gases that we are pouring into the air have done, 
and what they are likely to do in the future. 

In November 2006, The New Yorker reported on calculations by 
Ken Caldiera, from Stanford University, that 'a molecule of carbon 
dioxide generated by burning fossil fuels will, in the course of its 
lifetime in the atmosphere, trap a hundred thousand times more 
heat than was released in producing it'. 

The quantity of carbon dioxide in the atmosphere and its 
persistence mean that it contributes more to global warming than 
any other product of human activity. Together with water vapour, 
methane, nitrous oxide, ozone, and trace gases, it maintains the 
Earth's greenhouse effect by trapping heat that radiates from the 
surface and, in doing so, keeps the surface temperature 33 degrees 
warmer than it would otherwise be. 

Humans pour carbon dioxide into the air principally by 
processing and burning fossils fuels (coal, gas, oil, and its 
derivatives), and through the burning and decay of large amounts of 
organic material (as a result of changing land-use patterns and 
de-afforestation). 

Human activity has increased the level of carbon dioxide in the 
air by 38 per cent from the 1750 pre-industrial level of 280 parts per 
million: by 2008, it was at 387 parts per million. According to 
UNESCO, this is the highest carbon dioxide concentration recorded 



in the past 600,000 years and, probably, the highest in the past 20 
million years. What's more, the rate of increase has been at least ten, 
and possibly a hundred, times faster than at any other time in the 
past 400,000 years. So our species is creating energy imbalances in 
the climate system that are pushing the rate of change far more 
rapidly than at any time since modern humans began to walk the 
planet. 

When carbon dioxide is added to the atmosphere, oceans absorb 
some of it, vegetation (through photosynthesis) absorbs some, and 
some is trapped in sediments or by chemical reactions with eroding 
rock. The portion that remains in the atmosphere, however, is so 
stable and long-lived that it continues to produce its greenhouse 
effect for hundreds, even thousands, of years. It is generally 
understood that if we stopped adding carbon dioxide to the air, the 
carbon cycle would gradually draw down the amount of 
atmospheric carbon dioxide and, slowly, over time, the temperature 
would decrease; but this may not happen over the short time 
relevant to our current predicament. 

New research presents a very sobering picture. Ken Caldeira and 
his Stanford University colleague Damon Matthews have used 
climate modelling to demonstrate that the portion of carbon dioxide 
that remains in the air produces a temperature increase that persists 
for many centuries. In the terms of their study, this means for at 
least 500 years — which was as far into the future as their model 
was run. 

They showed that current human-related carbon emissions will 
produce a temperature rise of 0.8 degrees that will persist for more 
than 500 years. In plain language, the carbon dioxide that we emit 
will keep the planet heated for many centuries, and the more we 
emit the higher the temperature over that period will be. The 



unavoidable bottom line, according to Matthews and Caldeira, is 
that if we want to stabilise temperatures, we must eliminate all 
carbon dioxide emissions. They show that 'stabilizing global 
temperatures at presentday levels [which are 0.8 degrees above the 
pre-industrial level] required emissions to be reduced to near-zero 
within a decade [our emphasis].' This is an important result to which 
we will return later in the story. 

Methane quantities in the atmosphere are also increasing. Since 
1750, they have increased by 150 per cent, and about half a billion 
tonnes of methane are added each year, mostly as a consequence of 
human activity. When the full impact of methane is accounted for, 
its heating effect — including the results of its interaction with 
other gases to form ozone in the lower atmosphere — is at least half 
that of human carbon dioxide emissions. (At low levels in the 
atmosphere, ozone contributes to smog and is polluting. This is 
distinct from its role at levels in the upper atmosphere, where it 
creates the protective 'ozone layer'.) 

Drew Shindell of NASA's Goddard Institute for Space Studies 
estimates that methane may account for one-third of all climate 
warming from well-mixed greenhouse gases since the 1750s (carbon 
dioxide, methane, nitrous oxide, and halocarbons are known as 
well-mixed gases because their lifetime in the atmosphere is a 
decade or more): 'Control of methane emissions turns out to be a 
more powerful lever to control global warming than would be 
anticipated,' Shindell concludes. 

Methane is produced when organic material decomposes in an 
anaerobic (oxygen-free) environment. Its main natural source is 
release from wetlands as a result of the decomposition of organic 
matter. Human activities that produce methane emissions include 
herding ruminant animals (cattle, sheep, and goats), growing rice, 



causing leakage during fossil fuel extraction, burning fossil fuels, 
causing gas to escape from waste landfills, and burning plant 
material. 

Methane in the atmosphere chemically decomposes and loses its 
potency as a greenhouse gas in eight to 12 years, so it has a less 
persistent effect than carbon dioxide. If we significantly reduce our 
methane emissions, within a decade its effect as a heating agent and 
producer of lower-atmosphere ozone would be diminished, and a 
successful longer-term strategy to stop most human-caused 
methane emissions would take it off the agenda as a greenhouse gas 
of lasting concern. 

Levels of nitrous oxide (known popularly as 'laughing gas') have 
also increased — they are up by 16 per cent since 1750. While 
relatively small in concentration, the gas has an effect three 
hundred times more powerful than carbon dioxide, making its 
overall contribution to global warming about one-tenth that of 
carbon dioxide. 

The majority of nitrous oxide is emitted naturally from tropical 
soils and oceans. The human activity that produces most nitrous 
oxide is agriculture (through the use of fertilisers), but jet engines, 
some industrial processes, and cars with catalytic converters that 
burn fossil fuels also contribute to its production. The gas persists in 
the atmosphere for about 120 years before being broken down by the 
effect of sunlight; nonetheless, it is slowly accumulating in the air as 
a consequence of additional human-caused emissions. 

A number of other gases (known as 'trace gases') that are emitted 
in smaller quantities from industrial processes — including 
hydroflouro- carbons, sulfur hexafluoride, and perfluorocarbon — 
contribute to global warming, but on a smaller scale. These gases, 
together with carbon dioxide, methane, and nitrous oxide, are 



known as the 'Kyoto gases', because they are defined under the 
agreement to control emissions that was established by the Kyoto 
Protocol in 1997. 

While human activity since 1750 has raised the carbon dioxide 
level by 38 per cent to 387 parts per million in 2008, the effect of all 
the Kyoto gases together is calculated to be equivalent to 455 parts 
per million of carbon dioxide. 

Human activities also contribute to the greenhouse effect by 
releasing non-gaseous substances such as aerosols, which are small 
particles that exist in the atmosphere. Aerosols include black-carbon 
soot, organic carbon, sulphates, nitrates, as well as dust from smoke, 
manufacturing, windstorms, and other sources. 

Aerosols have a net cooling effect because they reduce the 
amount of sunlight that reaches the ground, and they increase cloud 
cover. This effect is popularly referred to as 'global dimming', 
because the overall aerosol impact is to reduce, or dim, the sun's 
radiation, thus masking some of the effect of the greenhouse gases. 
This is of little comfort, however, because aerosols, or airborne 
particle pollution, last only about ten days before being washed out 
of the atmosphere by rain; so we have to keep putting more into the 
air to maintain the temporary cooling effect. Unfortunately, the 
principal source of aerosols is the burning of fossil fuels, which 
causes a rise in carbon dioxide levels and global warming that lasts 
for many centuries. The dilemma is that if you cut the aerosols, the 
globe will experience a pulse of warming as their dimming effect is 
lost; but if you keep pouring aerosols together with carbon dioxide 
into the air, you cook the planet even more in the long run. 

There has been a necessary effort to reduce emissions from some 
aerosols because they cause acid rain and other forms of pollution. 



However, in the short term, this is warming the air as well as 
making it cleaner. 

The total effect of aerosol cooling is generally estimated to be less 
than l degree; however, work by Nicolas Bellouin and a team from 
the UK Met Office that was published in Nature, in December 2005, 
found that the cooling effect of aerosols at around 1.4 degrees is 
much greater than most current climate models estimate. The 
corollary is that, since aerosols emissions continue to decline, they 
will be less able to create a cooling effect, and therefore future 
global warming from greenhouse gases will be greater than 
presently indicated. 

This view is consistent with the idea that climate sensitivity is 
higher than is generally taken to be the case, as we discussed in 
Chapter 6. This has led Meinrat Andreae of the Max Planck Institute 
for Chemistry in Mainz, Germany, to conclude that a doubling of 
pre-industrial carbon dioxide levels by 2100 would produce a 
6-degree increase, which would 'be comparable to the temperature 
change from the previous ice age to the present [and] so far outside 
the range covered by our experience and scientific understanding 
that we cannot with any confidence predict the consequences for 
the Earth'. Andreae's collaborator, Chris Jones, warns: 'Now we are 
taking our foot off the brake, but we don't know how fast we will go. 
Because we don't know exactly how strong the aerosol cooling has 
been, we do not know how strong the greenhouse warming will be.' 

While most aerosols act to cool the planet, one component, black 
carbon, has the opposite effect. Black carbon particles (which are 
created by burning vegetation; heating with coal; diesel 
combustions; and cooking with solid fuels, such as wood and cow 
dung) act in a similar manner to the greenhouse gases by trapping 
heat radiating away from the Earth's surface, and by changing the 



reflective properties of ice-sheets. A study by Scripps Institution of 
Oceanography atmospheric scientist V. Ramanathan and University 
of Iowa chemical engineer Greg Carmichael has found that soot and 
other forms of black carbon may have a heating effect greater than 
any other greenhouse gas, and 60 per cent stronger than that of 
carbon dioxide. This is three times the effect estimated by the IPCC. 

This is good news, in a roundabout way. This discovery means 
that strong action to cut black-carbon emissions could balance 
some of the cooling losses that occur when other aerosols produced 
by burning fossils fuels are reduced. 

Together, current levels of greenhouse gases that are caused by 
human activity are working to produce the following global 
warming: 

 
Long-term effect of the present level of carbon dioxide  l.4°C 
Plus the effect of non-carbon-dioxide levels of  
Kyoto gases (methane, etc.)   0.7°C  
equals the total impact of all Kyoto gases  2.1°C 
minus thermal inertia  
(heat being used to warm the oceans)  0.6°C 
minus the short-term net cooling effect of aerosols  0.7°C 
equals today's warming   0.8°C 
 
To add another level of complexity, all these estimates are based 

on a climate sensitivity of 3 degrees for fast feedbacks, which is the 
middle of the range used by the IPCC. As we saw in Chapter 6, this 
3-degree estimate is reasonable in the short term, but there is strong 
evidence that the figure is double that, at 6 degrees, when all the 
long-term consequences and slow feedbacks are accounted for.
  



CHAPTER 9 
Where We Are Headed 

To help think about possible future trajectories of human-produced 
greenhouse gases, the IPCC has developed six sets of scenarios, each 
of which makes different assumptions about future emissions, land 
use, technologies, and forms of economic development. The 
scenarios range from those that assume large reductions in 
greenhouse- gas emissions to those that assume a world of 'business 
as usual' practices and, as such, imagine the most pessimistic, 
fossil-fuel-intensive emissions future. The current IPCC scenarios 
were prepared for the panel's 2001 report and are now almost a 
decade old, lagging well behind reality. As Roger Jones of the CSIRO 
says, 'At the time of their release in 2000, [the scenarios] were 
state-of-the-art ... Now, the world is growing faster and is richer 
than the scenario authors assumed.' 

According to the most recent IPCC report, human-caused carbon 
dioxide emissions increased 70 per cent between 1970 and 2004, and 
are rising at an even faster rate now. Their annual increase jumped 
from an average of just over 1 per cent for the period from 1990-1999 
to more than 3 per cent 83 from 2000-2004. The actual growth rate 
of carbon-dioxide emissions since 2000 is greater than growth rates 
for the most fossil-fuel-intensive of the IPCC emissions scenarios. 

A study led by the CSIRO's Michael Raupach, co-chair of the 
Global Carbon Project, has found that no region is effectively 
decarbonising its energy supply. Raupach says that a major driver 
accelerating the growth rate in global emissions is that we're now 
burning more carbon for every dollar of wealth we create: 'In the last 
few years, the global use of fossil fuels has actually become less 



efficient. This adds to pressures from increasing population and 
wealth.' 

In Australia, Raupach says, carbon emissions have grown at about 
twice the global average during the past 25 years, and have almost 
doubled the growth rate of emissions in the United States and Japan. 
He believes that because 'emissions are increasing faster than we 
thought... the impacts of climate change will also happen even 
sooner than expected'. 

According to the October 2007 World Bank report Growth and 
Carbon Dioxide Emissions: how do different countries fare? , 
Australia increased its carbon dioxide emissions by 38 per cent 
between 1994 and 2004, to become the sixth-highest per capita 
emitter (on a base that excludes land use, land-use change, and 
forestry). Australia's emissions-increase was more than the total of 
Britain, France, and Germany which, combined, have a population 
ten times that of Australia. 

The rising rate of global carbon dioxide emissions is reflected in a 
larger annual increase in the level of carbon dioxide in the air. The 
average increase of 1.5 parts per million for the period from 
1970-2000 has jumped to 2.1 parts per million since 2001. NASA's 
James Hansen told the Independent in January 2007 that 'if we go 
another ten years, by 2015, at the current rate of growth of carbon 
dioxide emissions, which is about 2 per cent per year, the emissions 
in 2015 will be 35 per cent larger than they were in 2000'. He says 
that this would take the emissions scenarios necessary to avoid 
dangerous climate change beyond reach. 

Atmospheric carbon dioxide levels are now rising faster than at 
any time in the past 800,000 years. The level rose 30 parts per 
million over the past 17 years; yet ice cores drilled in Antarctica 
show that in the past million years, prior to recent times, the fastest 



increase of carbon dioxide was 30 parts per million over a period of a 
thousand years. 

The increasing use of energy is also going to increase emission 
levels. In 2004, the International Energy Agency (IEA) projected that 
annual carbon dioxide emissions by 2030 would be 63 per cent 
higher than in 2002. According to the European Union's 2007 World 
Energy Technology Outlook, 'business as usual' will see global energy 
use more than double by 2050, with 70 per cent of the increase 
coming from fossil fuels. The report assumes that energy efficiency 
will almost double, in order to support an economy four times larger 
than today. The result would be a carbon dioxide concentration in 
the atmosphere of 900-1000 parts per million by 2050. It says: 'This 
value far exceeds what is considered today as an acceptable range 
for stabilisation of the concentration.' The conclusion is that carbon 
emissions cuts will come too late to avert 'runaway' climate change 
if current policy trends continue, and that this would happen 
despite a 'massive' growth in renewable energy after 2030, including 
rapid deployment of new technologies, such as offshore wind. 

While the IEA predicts annual growth in global power 
consumption of 3.3 per cent per year to 2015, a study by Oxford 
Economics analysts shows that, when trends in developing countries 
are studied in more detail, the rate would be even higher, at 5 per 
cent. 

Increasing energy use and rates of greenhouse- gas emissions 
mean only one thing: it will get hotter, quicker. The IPCC's 
conservative estimate is a rise of 4 degrees by 2100 for the most 
pessimistic 'business as usual' scenario, yet our emissions are 
currently rising faster than this scenario envisages. The ten warmest 
years on record have all occurred since 1995, and one study predicts 
a o.3-degree increase for the period from 2004-2014 alone. 



Before the Arctic big melt of 2007, Hansen and his colleagues, by 
comparing sea-surface temperatures in the Western Pacific with 
historical climate data, suggested that this critical ocean region, and 
probably the planet as a whole, is 'approximately as warm now as at 
the Holocene maximum [the period of the highest temperature 
within the last 11,500 years] and within one degree of the maximum 
temperature of the past million years' [our emphasis]. They conclude 
that global warming 'of more than one degree, relative to 2000, will 
constitute "dangerous" climate change as judged from likely effects 
on sea level and extermination of species'. 

Rates of warming since the mid-19th century are higher than 
those of the last ice age by more than a factor of ten, increasing to a 
factor of twenty from the mid-1970s. The atmosphere is now heating 
up more quickly than modern humans have ever experienced. 'We 
really are in a situation where we don't have an analogue in our 
records,' says Eric Wolff from the British Antarctic Survey. 
According to Wolff, it is generally accepted that at some stage a 
'step change' or 'tipping point' is reached, after which global 
warming accelerates exponentially. According to new evidence, he 
says, 'we could expect that tipping point to arrive in ten years' time.' 
Recent observations from the Arctic, and their implications for the 
Greenland ice sheet and sea-level rises, suggest that we may have 
already passed that point. 

When accepting the WWF Duke of Edinburgh Conservation 
Medal in November 2006, James Hansen told his audience that the 
human race must begin to move its energy systems in a 
fundamentally different direction within about a decade, or 'we will 
have pushed the planet past a tipping point beyond which it will be 
impossible to avoid farranging undesirable consequences'. He 
warned that global warming of 2 to 3 degrees above the present 



temperature would produce a planet without Arctic sea-ice; a 
catastrophic sea-level rise of around 25 metres; and a super-drought 
in the American west, southern Europe, the Middle East, and parts 
of Africa. Such a scenario, he says, 'threatens even greater calamity, 
because it could unleash positive feedbacks such as melting of 
frozen methane in the Arctic, as occurred 55 million years ago, when 
more than 90 per cent of species on Earth went extinct'. 

The ANU's Will Steffen argues that the Earth's climate system 'is 
highly non-linear and is prone to abrupt changes, threshold effects 
and irreversible changes' in a human time frame, so that very small 
changes in a forcing factor 'can trigger surprisingly large and 
sometimes catastrophic changes in a system ... [and] propel the 
Earth into a different climatic and environmental state'. Examples 
he cites include 'the rapid disintegration of the large ice sheets on 
Greenland and Antarctica or large-scale and uncontrollable 
feedbacks in the carbon cycle: activation of methane clathrates 
[frozen water and methane] buried under sediments on the ocean 
floor, the rapid loss of methane from warmer and drier tundra 
ecosystems, increasing wildfires in the boreal and tropical zones, the 
conversion of the Amazon rainforest to a savannah and the release 
of carbon dioxide from warming soils'. Once we cross critical 
thresholds and trigger these processes, Steffen says no policy or 
management approach could slow, or reverse, the process. 

Hansen agrees. He says the tipping point occurs when the climate 
state is close to triggering very strong positive-feedback effects, so 
that a small perturbation can cause large climate change. 

Today, the Arctic sea-ice, the West Antarctic ice sheet, and the 
Greenland ice sheet can provide such feedbacks. Little additional 
forcing is needed to trigger these feedbacks, because of the warming 



that is already in the pipeline. Hansen concludes wryly: 'We have to 
be smart enough to understand what is happening early on.' 

Tony Blair and his Dutch counterpart Jan Peter Balkenende told 
European leaders in 2006 that, 'without further action, scientists 
now estimate we may be heading for temperature rises of at least 3 
to 4 degrees above pre-industrial levels ... We have a window of only 
ten to 15 years to avoid crossing catastrophic tipping points. These 
would have serious consequences for our economic growth 
prospects, the safety of our people, and the supply of resources — 
most notably, energy.' 

This statement was made before the imminent loss of the Arctic 
sea-ice, and the consequences of that loss, were as clear as they are 
today. When that event is taken into account, the ten-to-15-year 
window looks to be closed already.
  



CHAPTER 10  Target 2 Degrees  
 
Climate change is already dangerous. The signs are evident globally: 
in the polar north; in Darfur's famine; in Australia's depleted 
Murray-Darling River system; in the collapse of ecosystems across 
the globe; in the 2007 mega-fires in Greece and California; in the 
coral stress in the Caribbean and in Australia's Great Barrier Reef; in 
widespread species losses; in changing monsoon patterns; in the 
destruction of lowlying communities; and in regional 
food-production stress. Our world is already at the point of failing to 
cope. The UN's emergency relief coordinator, Sir John Holmes, 
warned that 12 of the 13 major relief operations in 2007 were climate 
related, and that this amounted to a climate-change 'mega disaster'. 

Global warming is now close to 1 degree. Many of the results that 
were forecast are already coming true. 

At a warming of just 1 degree over pre- industrial levels, it was 
predicted that the Amazon would be drying, and increasingly 
drought and fire affected. During the 2005 drought, some tributaries 
ran dry; in 1998, forest fires generated by El Nino conditions poured 
almost half a billion tonnes of carbon into the air — more than 5 per 
cent of global greenhouse-gas emissions for that year. The Amazon, 
responsible for more than 10 per cent of the world's terrestrial 
photosynthesis, is currently near its critical-resiliency threshold. 

In the US, it was expected that a l-degree rise would result in 
California and the Great Plains states becoming subject to 
mega-droughts and desertification: a new and permanent 'dust bowl', 
similar to those seen between 1000 and 1300 AD during the Medieval 
Warm Period, when devastating, epic droughts hit the plains, and 
whole Native American populations collapsed. This predicted drying 
is also occurring. 



At a warming of just 1 degree, the North Queensland Wet Tropics 
rainforest will be an environmental catastrophe waiting to happen, 
according to Steve Williams, a James Cook University senior 
research fellow. Just 1 degree is likely to reduce the area of this 
World-Heritage- listed Queensland highland rainforest by half. As 
predicted, the Barrier Reef is already subject to regular bleaching 
(loss of colour due to loss of algae), and is now facing extinction: a 
survey showed that 60-95 Per cent of it was bleached in 2002. This is 
the case with most coral reefs around the world. 

At 1 degree of warming, it was also expected that world cyclones 
would be more severe, and that small island states would be 
abandoned as seas rose. This is happening. 

As predicted for a l-degree rise, ice sheets around the world are 
suffering severe losses; and as permafrost melts, landslides in the 
European Alps are already becoming serious. The Mount 
Kilimanjaro ice cap, which has been intact for at least 11,000 years, is 
well on the way to disappearing, with an 80 per cent loss in the last 
hundred years, and the rest predicted to be gone between 2015 and 
2020 as surrounding forests dieoff. 

Britain's Hadley Centre calculated that warming of just l degree 
would eliminate fresh water from a third of the world's land surface 
by 2100, worsening a water crisis that seems already to be a 
permanent new part of life in many parts of the world. 

All of these effects have occurred with a l-degree warming; yet the 
most commonly used definition of dangerous climate change is 
linked to a 2-degree warming threshold, and its corollary, suggested 
by Sir Nicholas Stern, among others, that our target should be for a 
60 per cent reduction in greenhouse-gas emissions by 2050. 

It is important to understand how these numbers achieved such 
prominence in the climate debate. The first goal set by a forum of 



international significance was in 1988. The International Conference 
of the Changing Atmosphere in Toronto advocated a 20 per cent 
reduction of 1988 carbon dioxide levels by 2005. 

In 1990, the first IPCC Scientific Assessment Report pointed out 
— for educational rather than policy purposes — that it would 
require a 60-80 per cent cut in emissions if carbon dioxide 
emissions were to be stabilised at the then-current level of around 
350 parts per million. This guesstimate was superseded four years 
later when CSIRO scientist Ian Enting and his colleagues reported 
the results of ten world climate models, eight of which showed that 
the reductions required to stabilise the atmosphere at 350 parts per 
million of carbon dioxide would likely be more than 100 per cent — 
that is, carbon dioxide emissions would need to be completely 
eliminated, and carbon would need to be taken out of the air, for 
50-90 years. 

By 1997, however, governments were not thinking of cuts on 
anything like this scale. This was reflected in the Kyoto Protocol's 
target for developed-country emissions to be only 5 per cent less 
than the 1990 level by 2012. Achieving this target would result in 
annual additions of carbon dioxide to the atmosphere of around of 6 
billion tonnes, which would not stabilise greenhouse gases in the air 
for hundreds of years, and would likely see the level of carbon 
dioxide climb past 1000 parts per million — more than three times 
the highest level known in the last million years. 

In 2000, realising that the Kyoto cuts were inadequate, Britain's 
Royal Commission on Environmental Pollution recommended that 
if greenhouse gases were to be stabilised at 550 parts per million 
carbon dioxide equivalent, emissions from Kyoto Annex I 
[developed] nations would need to be reduced to 60 per cent below 
1998 levels by 2050. It was argued that this target was needed if the 



world was to avoid a 2-degree warming. Six years later, however, the 
Stern Review published data indicating that if the atmosphere was 
stabilised at 550 parts per million carbon dioxide equivalent, there 
would be a 99 per cent chance of exceeding a 2-degree warming; so 
the 2-degree target was then shifted to be associated with an 
emissions cap of 450 parts per million. To stabilise the atmosphere 
at 450 parts per million of carbon dioxide equivalent, a reduction in 
emissions to at least 80 per cent less than the level in 1990 is 
required; yet the target of 60 per cent by 2050 remained a popular 
government policy long after it was shown to be inadequate. 

If we accept that the present rise of 0.8 degrees (with more 
warming in the pipeline) is already dangerous, we can no longer 
assume that we have another 40 years in which to reduce emissions 
to 60-80 per cent below 1990 levels, as argued by those advocating a 
higher temperature cap of 2 degrees. Nevertheless, it is worth 
looking at the proposed emission scenarios — the scale and speed of 
emission reductions — necessary to achieve a 2-degree target, 
because they demonstrate that even this inadequate target will not 
be achieved by governments acting in their 'business as usual' mode. 

The European Union, the IPCC, and the International Climate 
Change Taskforce, among many others, propose a temperature cap 
of 2 degrees to avoid 'dangerous anthropogenic interference with 
the climate system'. For a 2-degree cap, research finds that, in the 
long run, the Kyoto-defined greenhouse gases need to drop below 
400 parts per million, and they need to be significantly less if the 
risk of overshooting the target is to be low. 

Malte Meinshausen of the Potsdam Institute for Climate Impact 
Research in Germany calculates: 'Our current knowledge about the 
climate systems suggests that only stabilization around or below 
400 parts per million carbon dioxide equivalence will likely [85 per 



cent probability] allow us to keep global mean temperature levels 
below 2 
degrees in the long term.' 

Similarly, Simon Rettalack of the Institute for Public Policy 
Research in the UK says that to have an 80 per cent chance of 
keeping global average warming below 2 degrees, 'greenhousegas 
concentrations would need to be prevented from exceeding 450-500 
parts per million carbon dioxide equivalent in the next 50 years and 
thereafter should rapidly be reduced to about 400 parts per million 
carbon dioxide equivalent'. 

Compared to 'business as usual' scenarios, 2-degree scenarios are 
characterised by a very sharp turnaround in emissions — falling to, 
or below, half of the 1990 level by 2050 — and then declining 
towards zero. The downward-sloping curves are so steep that they 
can only be called crash programs. 

There are large uncertainties about the relationship between the 
level of greenhouse gases in the atmosphere and the long-term 
temperatures that will accompany them. This necessitates the 
expression of ranges, or probabilities, of outcomes. The Stern 
Review, using calculations by the Hadley Centre in the UK, shows 
that, in the long term, greenhouse-gas levels of 400 parts per million 
carbon dioxide equivalent have a 33 per cent probability of 
exceeding 2 degrees; a 3 per cent chance of passing 3 degrees; and a 1 
per cent chance of exceeding 4 degrees. 

Because today's carbon dioxide level alone is close to the 
long-term cap of 400 parts per million of carbon dioxide equivalent 
and emissions are still rising, the 2-degree strategies depend on 
'peak and decline'. This means that the maximum target is breached, 
but because of the time lag between the increase in greenhouse-gas 
concentrations and the increase in temperature, there is an 



opportunity to lower emissions and have greenhouse gases drawn 
down by the carbon cycle before the theoretical maximum 
temperature is reached. 

Meinshausen describes the process:  
Fortunately, the fact that we are most likely to cross 
400ppm [parts per million] C02eq [carbon dioxide 
equivalent] level in the near-term, does not mean that our 
goal to stay below 2°C is unachievable. If global 
concentration levels peak this century and are brought back 
to lower levels again, like 400ppm, the climate system's 
inertia would help us to stay below 2°C. It's a bit like 
cranking up the control button of a kitchen's oven to 220°C 
(the greenhouse gas concentrations here being the control 
button). Provided that we are lowering the control button 
fast enough again, the actual temperature in the oven will 
never reach 220°C. 

 
For a 70-90 per cent chance of staying below 2 degrees, 

Meinshausen maps an 'initial peak at 475 parts per million carbon 
dioxide equivalent', leading to the long-term return to '400 parts per 
million carbon dioxide equivalent'. 

'Peak and decline' assumes that emissions will eventually be cut 
to below the Earth's net carbon-sink capacity; it assumes that there 
is a mechanism operating to remove the excess carbon dioxide from 
the air to lower the level of greenhouse gases from the peak, before 
their full force is felt. But if the weakening of the carbon sinks, as 
predicted and observed, is sufficiently large, this drawdown effect 
will not be strong enough. In this case, unless the natural carbon 
sinks are supplemented by a human-organised carbon dioxide 
drawdown of atmospheric carbon on a huge scale, 'peak and decline' 



will be a failed strategy, and atmospheric greenhouse gases will be 
stranded at a far higher level than planned. 

A number of researchers have attempted to estimate the level that 
emissions would need to be cut to stabilise at a 2-degree rise with a 
carbon dioxide equivalent of 400 parts per million. Research by Paul 
Baer and Michael Mastrandrea found that global emissions of 
carbon dioxide would need to peak between 2010 and 2013; achieve a 
maximum annual rate of decline of 4-5 per cent some time between 
2015 and 2020; and fall to about 70-80 per cent below 1990 levels by 
the middle of the century. At the same time, similarly stringent 
reductions in the other greenhouse gases would need to occur. 

Meinshausen says: 'To avoid a likely global warming of more than 
2°C and all its consequences, global emissions would need to be 
reduced significantly, i.e. around 50 per cent by 2050. Per-capita 
greenhouse-gas emissions would need to be reduced by around 70 
per cent, so that global emissions could be halved despite the 
globally increasing population.' 

Using mid-range climate sensitivity, a team led by the Center for 
International Climate and Environmental Research's Nathan Rive 
found that even getting to a 50 per cent chance of preventing more 
than 2 degrees of warming would require a global cut of 80 per cent 
by 2050, if total emissions were to peak in 2025. For a lower risk of 
failure than 50 per cent, the emission cuts would need to be 
substantially higher. 

Now comes the crunch for Australia. Because Australian 
emissions are five times the global average, and the world 
population will be half as large again by 2050, these scenarios 
require Australian per-capita emissions to be cut by at least 95 per 
cent by 2050 — a proposition currently rejected by Australia's Rudd 
government. 



But how worthwhile will those cuts be, in any case, if 2 degrees is 
too much? A rise of 2 degrees over pre-industrial temperatures will 
initiate climate feedbacks in the oceans, on ice-sheets, and on the 
tundra, taking the Earth well past significant tipping points. As we 
have seen, likely impacts include large-scale disintegration of the 
Greenland and West Antarctic ice-sheet; the extinction of an 
estimated 15- 40 per cent of plant and animal species; dangerous 
ocean acidification; significant tundra loss; increasing methane 
release; initiation of substantial soil and ocean carbon-cycle 
feedbacks; and widespread drought and desertification in Africa, 
Australia, Mediterranean Europe, and the western USA. At 2 degrees, 
Europe is likely to be hit by heatwaves every second year, much like 
the one in 2003 that killed up to 35,000 people, caused US$12 billion 
of crop losses, reduced glacier mass, and resulted in a 30 per cent 
drop in plant growth that added half a billion tonnes of carbon to 
the atmosphere. 

At 2 degrees of warming, the summer monsoons in northern 
China will fail, and agricultural production will fall in India's north 
as forests die back and national production falls. Flooding in 
Bangladesh will worsen as monsoons strengthen and sea levels rise. 
In the Andes, glacial loss will reach 40- 60 per cent by 2050, 
reducing summer run-off and causing horrendous water shortages 
in South American nations. At 2 degrees, California will see a decline 
in the snowpack of one-third to three-quarters, with a loss of up to 
70 per cent in the Northern Rockies, which will devastate regional 
agriculture as melt run-off declines. Changing climate will have a 
severe impact on world food supplies: in central and South America, 
maize losses are projected for all nations but two. In 29 African 
countries, crop failure and hunger are likely to increase. 



After a careful reassessment of climate sensitivity and the climate 
history data, James Hansen and seven co-authors are now 
suggesting that the tipping point for the presence, or absence, of any 
substantial ice-sheets on Earth seems to be at around 425 parts per 
million (plus or minus 75 parts per million) of carbon dioxide. This 
means that the carbon dioxide levels often associated with a 
2-degree temperature rise may also be the tipping point for the total 
loss of all ice sheets on the planet, with an eventual sea-level rise of 
70 metres. 

Despite the catastrophic consequences of a 2-degree warming, the 
European Union and the International Climate Change Taskforce, 
among many others, have set 2 degrees as the target towards which 
the world should aspire. 

But if 2 degrees spells disaster, what will the new 'business as 
usual' target of 3 degrees bring? 
  



CHAPTER 11 
Getting the Third Degree 

The rapid Arctic melt consigns the widely advocated 
2-degree-warming cap — always an unacceptable political 
compromise — to the policy dustbin. Scientific evidence shows it is 
too high and would be a death sentence for billions of people and 
millions of species. 

In late 2007, Australian government advisor and former chief of 
CSIRO Atmospheric Research Graeme Pearman wrote: 

The global climate-science community has indicated that 
changes of planetary temperature of even one-to-two 
degrees have the potential to bring about significant global 
exposures to coastal erosion, sea-level rise, water supply 
and extreme climatic events, to name but a few. The 
potential number of humans impacted by a 2-degree 
change may count in the hundreds of millions. The 
European Union has already set a target of maximum 
warming of 2 degrees in the belief that warming beyond 
this represents an unreasonable risk of 'dangerous' climate 
change. Such a change in the average global temperature 
might be regarded by many as small, but it has the capacity 
to culminate in major consequences, something that 
scientists feel is still under-appreciated in both public and 
private policy development. Despite the dangerous 
consequences of 2 degrees of warming, we are now being 
asked by politicians to consider a 3-degree warming cap, 
because they consider the 2-degree target to be too great a 
challenge for their 'business as usual' mode of operation. 
 



Thanks to recent developments in paleoclimatology, we have 
some insights into what a 3-degree world might be like. In the 
Pliocene, three million years ago, temperatures were 3 degrees 
higher than our pre-industrial levels. In that era, the northern 
hemisphere was free of glaciers and ice sheets, beech trees grew in 
the Transantarctic Mountains, sea levels were 25 metres higher than 
they are today, and atmospheric carbon dioxide levels were 360-400 
parts per million, very similar to today. There are also strong 
indications that, during the Pliocene, permanent El Nino conditions 
prevailed. Rapid warming today is already heating up the western 
Pacific Ocean, a basis for a coming period of 'super El Nino'. 

At 2-3 degrees of warming above pre-industrial levels, and 
perhaps at much lower warming levels than that, the Amazon 
rainforest will also suffer devastating damage: its plants, which 
produce 10 per cent of the world's terrestrial photosynthesis, have 
no evolved resistance to fire, and the warming may result in it 
becoming savannah. Further, the carbon released by the forests' 
destruction will be joined by carbon release from the world's 
warming soils. This will boost global temperatures by 1.5 degrees, on 
top of the warming of around 4 degrees by 2100 that is projected to 
occur if we keep to the current fossil fuel intensive path. 

The climate-change model at the UK's Hadley Centre predicts 
that the chances of an Amazon forest drought would rise from 5 per 
cent now, to 50 per cent by 2030, and to 90 per cent by 2100. Four or 
five consecutive years of drought would probably dry out areas of 
the Amazon sufficiently for wildfires to destroy much of it. 

The collapse of the Amazon is part of the full reversal of the 
carbon cycle that is projected to happen at around 3 degrees of 
warming — a view confirmed by a range of researchers using 
carbon-coupled climate models. A 3-degree warming would see 



significantly large areas of the Earth's terrestrial environment 
rendered uninhabitable by drought and heat. Rainfall in Mexico and 
Central America is projected to fall by 50 per cent. Southern Africa 
would be exposed to perennial drought, and a huge expanse of land 
centred on Botswana could see a remobilisation of sand dunes, as is 
predicted to happen in the western US even sooner. The Rockies 
would be snowless, and water flows in the Colorado River would fail 
one year in two. Drought intensity in Australia could triple, and 
World Heritage ecosystems would severely degrade or die, while 
hurricanes could increase in power by half a category above today's 
top-level Category Five. 

With such extreme weather conditions, world food supplies will 
be devastated. This could mean billions of refugees moving towards 
the mid-latitudes from areas of famine and drought in the 
sub-tropics. As rising temperatures cause the Himalayan ice sheet to 
melt, long-term water-flows into Asia's great rivers and breadbasket 
valleys — including the Indus, Ganges, Brahmaputra, Mekong, 
Yangtse, and Yellow rivers — will fall dramatically. It has been 
predicted that if global temperatures rise by 3 degrees, which is 
becoming the unofficial target for some governments of richer 
nations, water flow in the Indus would drop by 90 per cent by 2100. 
But the loss of the Himalayan ice-sheet now looks likely to occur at 
well less than a 3-degree rise. Recent estimates are that the 
Himalayas may be completely ice-free before 2050, or even sooner. 
The lives of two billion people are at stake. 

For all this, 3 degrees is the cap effectively being advocated by 
Australia's Labor government. In its 2007 pre-election policy, Labor 
advocated a 60 per cent reduction by 2050 in Australian emissions 
from 2000 levels. Environment Minister Penny Wong then 
reaffirmed this, in February 2008, when she tersely rejected 



suggestions from the Garnaut Review that the cut might need to be 
90 per cent. 

The goal of a 60 per cent reduction in emissions by 2050 (known 
as '60/2050') for fully developed nations was first formally 
articulated by a major organisation in 2000, when it was 
recommended by the UK Royal Commission on Environmental 
Pollution. The Rudd government's policy statement makes reference 
to this; however, the core idea — to make a 60 per cent cut in 
carbon dioxide emissions compared to 1990 levels — had been given 
prominence a decade earlier, in the first science assessment of the 
IPCC. This was not presented as a goal, as such — it was provided by 
the scientists to help policy-makers take in the scale of the 
challenge. 

The immediate source of inspiration for Labor's 60/2050 target 
appears to be the Stern Review, which advocated a 3-degree target. 
In the report, Stern stated that constraining green house gas levels 
to 450 parts per million carbon dioxide equivalent 'means around a 
fifty-fifty chance of keeping global increases below 2 degrees above 
pre-industrial [and it] is unlikely that increases will exceed 3 degrees'; 
but, he said, keeping to this is 'already nearly out of reach', because 
it means 'peaking in the next five years or so and dropping fast'. It 
would require immediate and strong action, which Stern judged to 
be neither politically likely nor economically desirable. 

Instead, Stern pragmatically said the data 'strongly suggests that 
we should aim somewhere between 450 and 550 parts per million 
carbon dioxide equivalent'. However, his policy proposals 
demonstrate that he has the higher figure in mind as a practical goal: 
'It is clear that stabilising at 550 parts per million or below involves 
strong action ... but such stabilisation is feasible'. Stern's policy 
framework is focused on constraining the increase to 550 parts per 



million, at which level, he argued, 'there is around a fifty-fifty 
chance of keeping increases below 3 degrees [and it is] unlikely that 
increases would exceed four degrees'. 

The link between a 60 per cent emissions reduction by 2050 and a 
3-degree cap was reiterated during Stern's March 2007 visit to 
Australia. During an address to the National Press Club in Canberra, 
he said it would be 'a very good idea if all rich countries, including 
Australia, set themselves a target for 2050 of at least 60 per cent 
emissions reductions'. This would leave the planet with about 550 
parts per million of carbon dioxide equivalent by 2050, and would 
leave us with 'roughly a fifty-fifty chance of being either side of 3 
degrees above pre-industrial times'. 

But according to a draft paper released in 2008 by James Hansen 
and seven other climate scientists, long-term climate sensitivity of 6 
degrees and a doubling of pre-industrial carbon dioxide levels to 550 
parts per million would produce a very different planet. Hansen 
reminds us that 'the last time the planet was five degrees warmer, 
just prior to the glaciation of Antarctica about 35 million years ago, 
there were no large ice sheets on the planet. Given today's ocean 
basins, if the ice sheets melt entirely, sea level will rise about 
seventy meters'. This would be the likely outcome of Stern's policy 
and, seemingly, also that of Australian government policy. 

A number of others have followed Stern's lead. These include the 
former head of the Australian Bureau of Agriculture and Resource 
Economics, and Australia's lead delegate to the May 2007 IPCC 
meeting, Brian Fisher. He says the 2-degree target, with emissions 
peaking by 2015, 'is exceedingly unlikely to occur ... global emissions 
are growing very strongly ... On the current trajectories you would 
have to say plus 3 degrees is looking more likely'. 



When Labor announced its 60/2050 target, it made a number of 
confusing and conflicting claims based on Stern's findings and 
various CSIRO reports. These included limiting future increases in 
atmospheric carbon dioxide to 550 parts per million, and setting a 
target range of 45°_55° parts per million carbon dioxide. It also 
claimed to be concerned about the impacts of a 3-degree increase, 
and warned of 'the need for reductions in annual GHG 
[greenhouse-gas] emissions of 60 to 90 per cent from 1990 or 2000 
levels by 2050 for countries listed under Annex 1 in the Kyoto 
Protocol'. 

Labor also drew on the 2000 UK Royal Commission's report on 
Environmental Pollution, which set a cap of 550 parts per million 
carbon dioxide. This is odd, because in the world of climate-change 
science, and politics, that report is now very old — it relied on an 
IPCC report now 12 years out of date. Since 2000 there have been 
two more IPCC reports, the research has rapidly moved on, and the 
British government has reduced its emissions target to 450 parts per 
million carbon dioxide; but Labor does not refer to more recent and 
relevant European research. It does not mention, for example, 
Meinshausen's contribution to the Stern Review, which says that if 
greenhouse gases reach 550 parts per million carbon dioxide 
equivalent, there is a 63-99 Per cent chance that global warming will 
exceed 2 degrees. 

Nor did the Labor policy statement address the UK's own 
recognition of error, as George Monbiot noted in the Guardian:  

'The British government has been aware that it has set the 
wrong target for at least four years. In 2003 the 
environment department found that "with an atmospheric 
carbon dioxide stabilisation concentration of 550 parts per 
million, temperatures are expected to rise by between two 



and five degrees". In March 2006 it admitted "a limit closer 
to 450 parts per million or even lower, might be more 
appropriate to meet a 2-degree stabilisation limit".' 

 
What Australian Labor did was establish a target of 3 degrees and 

550 parts per million, but they dressed it up as if it was aiming for 
something lower. Their pre-election statement says: 

In 2006, CSIRO's Climate Change Impacts on Australia and 
the Benefits of Early Action to Reduce Global Greenhouse 
Gas Emissions concluded that: 'Limiting future increases in 
atmospheric carbon dioxide to 550 parts per million, 
though not a panacea for global warming, would reduce 
21st century global warming to an estimated 1.5-2.9 degrees, 
effectively avoiding the more extreme climate changes'.  
 

This is misleading. The report referred to actually says: 
 
As mentioned previously, some nations view 60 per cent 
reductions by 2050 as consistent with placing the world on 
a path to achieving a 550 parts per million carbon dioxide 
stabilisation level. According to climate model results ... 
this level of mitigation would limit 2lst century global 
warming to 1.5-2.9 degrees, with an additional 0.3-0.9 
degree of warming in subsequent centuries [our emphasis]. 
 

Throughout the CSIRO document, temperature increases are 
taken from a 1990 baseline (0.6 degrees at 1990), so that the phrase 
'21st century global warming to 1.5-2.9 degrees' means a total rise 
over pre-industrial levels of 2.1-3.5 degrees by 2100. Add in the 
'additional 0.3-0.9 degree of warming in subsequent centuries', and 



the full temperature rise range becomes 2.4-4.4 degrees for 550 parts 
per million. This would clearly constitute dangerous climate change, 
according to anyone's measure. 

This slipping and sliding of parameters, and the shift in the 
pragmatic goal from 2 degrees to 3 degrees, is also evident in the 
2007 IPCC report on adaptation and mitigation. Of the 177 research 
scenarios assessed for future emissions profiles, none dealt with a 
target of less than 2 degrees, and only six dealt with limiting the rise 
to the range of 2-2.4 degrees. By contrast, 118 scenarios covered the 
range of 3.2-4 degrees, which suggests that the IPCC scientists, 
following the lead of the politicians, have also largely shifted the 
focus away from targets of less than 2 degrees. 

The effect that carbon levels and temperature increase have on 
ocean algae introduces another perspective to the dialogue: what if a 
target of 550 parts per million were to result in the destruction of 
the Earth's greatest carbon sink? James Lovelock, environment 
scientist and proposer of the Gaia hypothesis, claims that as the 
ocean surface temperature warms to over 12 degrees, 'a stable layer 
of warm water forms on the surface that stays unmixed with the 
cooler, nutrient-rich waters below'. This purely physical property of 
ocean water, he says, 'denies nutrients to the life in the warm layer, 
and soon the upper sunlit ocean water becomes a desert'. 

This chlorophyll-deprived, azure-blue water is currently found 
predominantly in the tropics, which lacks the richness of the marine 
life of the darker, cooler oceans. In this nutrient-deprived water, 
ocean life cannot prosper and, according to Lovelock, soon 'the 
surface layer is empty of all but a limited ... population of algae'. 
Algae, which constitute most of the ocean's plant life, are the 
world's greatest carbon sinks, devouring carbon dioxide while 
releasing dimethyl sulphide (DMS), which is transformed into an 



aerosol that contributes to greater cloud formation and, hence, 
affects weather patterns. The warmer seas and fewer algae that 
Lovelock predicts are likely to reduce cloud formation and further 
enhance positive climate feedbacks. 

This process should be distinguished from the phenomenon of 
green, red, or brown algal blooms, which can occur in fresh and 
marine environments when phytoplankton assume very dense 
concentrations due to an excess of nutrients in the water. The dead 
organic material becomes food for bacteria, which can deprive the 
water of oxygen, destroying the local marine life and creating a dead 
zone. 

Because algae thrive in ocean water below ten degrees, the algae 
population reduces as the climate warms. Lovelock says that severe 
disruption of the algae-DMS relation would signal spiralling climate 
change. Lovelock and Kump's modelling of climate warming and 
regulation published in Nature in 1994 supported this: 

[A]s the carbon dioxide abundance approached 500 parts 
per million, regulation began to fail and there was a sudden 
upward jump in temperature. The cause was the failure of 
the ocean ecosystem. As the world grew warmer, the algae 
were denied nutrients by the expanding warm surface of 
the oceans, until eventually they became extinct. As the 
area of ocean covered by algae grew smaller, their cooling 
effect diminished and the temperature surged upwards. 
 

According to Lovelock, the end-result was a temperature rise of 8 
degrees above pre-industrial levels, which would result in the planet 
being habitable only from Melbourne to the South Pole (going 
south), and from northern Europe, Asia, and Canada to the North 
Pole (going north). 



The likelihood of dramatic effects is beginning to be recognised 
more widely. Stern is now saying that his 2006 Review substantially 
underestimated the growth rate of greenhouse gases; the impact of 
greenhouse gases on the levels of warming; and the degree of 
damage, and the risks, of climate change. 

He says it also overestimated the capacity of the carbon sinks to 
absorb carbon dioxide, and he now warns that a 5-degree 
temperature increase would, most likely, transform the physical and 
human geography of the planet, leading to massive human 
migration and large-scale conflict. Yet Stern still formally advocates 
the 550-parts- per-million target that he proposed in 2006, even 
though the data that he now uses in presentations shows that this 
target carries a 41 per cent chance of exceeding 5 degrees! 

One possible future is that the world will fail to recognise the 
danger posed by a temperature rise of 3 degrees or more, and will let 
greenhouse-gas levels rise to 550 parts per million. In that case, it 
would take a long time, even under a crash emissions-reduction 
program, to draw down the excess carbon dioxide. As temperatures 
rose, driven by positive feedbacks, declining carbon sinks, and 
non-linear events, the climate system would have so much 
momentum that we would be unable, effectively, to apply the brakes 
at the 3-degree signpost. 

In 2004, Tom Athanasiou and Paul Baer, co-founders of the 
climate-change social justice group EcoEquity, encapsulated the 
absurdity of the dilemma: 

We'd all vote to stop climate change immediately, if we 
only believed that doing so would be so cheap that no 
country or bloc of countries could effectively object. But we 
do not so believe. Thus we're forced to start trading away 
lives and species in order to advocate a 'reasonable' 



definition of 'dangerous' ... So it's no surprise that ... the 
advocates of precautionary temperature targets strain to 
soft-pedal their messages, typically by linking 20C of 
warming to carbon dioxide concentration targets that can 
be straightforwardly shown to actually imply a larger, and 
sometimes much larger, probable warming... Climate 
activists soft-pedal the truth because they think it will help, 
and perhaps they are even right. Who are we to know? 
Nevertheless, we also believe that the waffling is becoming 
dangerous, that it threatens, if continued, to critically 
undermine the coherence of our emerging understanding. 
That it delays difficult, but necessary, conclusions. 

  



CHAPTER 12 
Planning the Alternative 

What should we do once we acknowledge that 2-degree and 
3-degree targets are too high, and we know that the climate system 
seems likely to reach more than 2 degrees of warming? 

Efforts to tackle climate change, so far, have been aimed at 
creating a 'less bad' outcome. Society seems to be preparing simply 
to head into the catastrophe more slowly, which does not seem to be 
a very practical strategy. The alternative would be to aim for the 
future we want: a safe climate. 

A safe climate does not involve losing the Himalayan glaciers, or 
endangering food production in much of China, Bangladesh, India, 
and Pakistan. It does not involve losing the West Antarctic ice sheet, 
or converting the Amazon to dry grassland. It does not involve 
releasing massive amounts of carbon dioxide and methane into the 
air by melting permafrost, or degrading nature's carbon sinks; and it 
does not involve having an ice-free Arctic in summer. 

But to reverse or prevent these conditions is clearly a very 
challenging task. Perhaps it is even an impossible task. 

If it had been suggested 50 years ago that humans should set out 
to remove the Arctic ice cap and warm the entire globe by 1-2 
degrees, people would have said that this was crazy and physically 
impossible — that it should not and could not be done. 

Fifty years on, we are well on the way to 'succeeding' in this 
project. 

Humans now have the most powerful economy of all time. If we 
choose to apply this economic power to create a safe climate, and 
we act decisively before uncontrollable natural feedbacks are set 
fully in motion, we could succeed. 



The first task is to understand what a safe climate means and 
what action is required to achieve it. 

The safe-climate zone: When considering climate change, we can 
identify a range of climate conditions that are safe. Our goal must be 
to keep environmental conditions within that safe-climate zone, or 
return to that zone if conditions have, or are likely to, stray beyond 
it. We also need to be aware of the speed and momentum of 
changes in the climate system now, as it moves away from the safe 
zone, and later, when thinking about actions that will move it back 
to the safe zone. 

What is to be protected? If climate goals are to be well formed, 
their underlying values need to be explicit; for example who or what 
are we intending to benefit? What level of risk of adverse outcomes 
is acceptable? 

In public discussion about climate change, it is clear that 
motivations for action include concerns for people in various parts 
of the world, for other species, and for current and future 
generations. These concerns can be amalgamated into a concern to 
protect the welfare of 'all people, all species, and all generations'. 

All people: Although the assumption in international climate 
negotiations is that policy is designed to benefit all people, in 
practice, some nations — especially the rich, high-polluting ones — 
plead for exceptions and special circumstances, with some success. 
For the international reality to shift, all the major national players 
must start negotiating for the global 'common good' as an extension 
of their self-interest. For political elites in the developed world, the 
motivating factors need to be both altruistic and self-interested. 
Compassion for people in every part of the globe must coincide with 
enlightened self-interest, because failure to act for all people will 



result in a global food crisis, mass flows of environmental refugees, 
and possible armed conflicts. 

All species: In protecting other species for their own sake, we also 
protect ourselves, for we all belong to interdependent ecological 
systems. On the other hand, the elite in most countries are so 
reticent about acknowledging the significance of other species that 
their proposed climate solutions will likely take little, if any, account 
of the need to protect them. What we need is an ethic of 
cross-species compassion, together with the realisation that our own 
interest also requires the protection of all species. 

All generations: In modern societies, we tend to act on the 
assumption that if we look after our own best interests, the future 
will look after itself; but this approach will not work with climate 
change. We need to consider the needs of future generations — 
both people and other species. The work of the IPCC is an 
interesting example. Its models and projections are run to the year 
2100, a vastly longer timeline than is considered in most political 
processes; however, when it comes to climate change, this is not 
long enough. When climate impacts are suddenly found to be 
running 100 years ahead of schedule, as is the case in the Arctic, we 
are shocked, because we have to respond to events that were barely 
on the radar. One solution would be to follow climate models 
through until a stable, long-term state is reached, so that we 
understand the implications for all generations, rather than just for 
those who will live through the next 100 years. If tackled this way, 
we would quickly realise, for example, that the politically 'tough' 
target of 450 parts per million carbon dioxide would likely result in 
an ice-free world and a real chance of an 87-metre sea-level rise if 
climate sensitivity is on the high side. 



Finally, of course, there is the overarching need to maintain 
human civilisation, in the best sense of the accumulated knowledge 
and wisdom that, among other benefits, informs our capacity to 
feed and protect the health of large numbers of people now alive. 

Risk: As we strive to protect all people, species, and generations, 
we need to know how much risk people and species will be exposed 
to, and what humanity would consider acceptable. When approving 
new pharmaceuticals, and designing aircraft, bridges, and large 
buildings, strict risk-standards are applied: a widely used rule of 
thumb is to keep the risk of mortality to less than one in a million. 
The Apollo Program, for example, aimed to keep the risk of Saturn 
rockets plunging into population centres to less than one in a 
million. When it comes to climate change and the viability of the 
whole planet, it makes no sense to apply a lesser standard of risk 
aversion. We should aim, for example, to have less than a one-in-a- 
million chance of losing the Greenland and West Antarctic ice 
sheets, or of failing to recover the full extent of the Arctic summer 
sea-ice. 

So far, however, governments have been accepting much higher 
risks in setting global-warming targets; take Stern's promotion in 
January 2008, for example, of a 550 parts per million carbon dioxide 
target which, by his own admission, means accepting devastating 
species loss, as well as coral reef destruction, ice-sheet 
disintegration, and economic damage 'on a scale similar to [that] 
associated with the great wars and the economic depression of the 
first half of the 20th century'. 

Insurance Australia Group actuary Tony Coleman says insurers 
are familiar with managing risks to our community that are 
potentially catastrophic, yet, he says, when it comes to climate risk, 
we seem to have different parameters: '... Australia is tolerating a 



level of climate change risk that would be unthinkable if the nation 
was held to the same standards that we apply to safeguard the 
survival of the insurers, banks and superannuation funds that we all 
depend upon in our daily lives.' These levels of risk, which are less 
than one in 200, says Coleman, 'are completely dwarfed by the risk 
levels to our way of life that are now reliably attributable to 
potentially catastrophic climate change impacts, unless we act with 
urgency to rapidly reduce greenhouse emissions'. 

We insist on standards of safety for individuals that are many 
times higher than the standards we apply to all humans and to the 
ecological life support systems that we, and other species, depend 
on. 

We should not accept actions that could trigger an irreversible 
chain of climate-change events or produce dangerous impacts. We 
cannot gamble on how far we can push the system before it breaks. 
As is the case for civil aviation, climate-change safety policy must 
allow for less than a one-in-a-million chance of catastrophic failure. 

Speed of transition: The speed of our transition to a safe-climate 
zone is also a critical issue. The risks posed by allowing the world to 
stay outside the safe-climate zone need to be assessed, along with 
the impacts that would be generated, ecologically and socially, by 
speeding up the transition. We know, for example, that species 
losses increase the faster that temperatures change, and we need to 
weigh up those sorts of impacts alongside the risks associated with a 
slower transition. 

Dangerous climate change versus the safe-climate zone: How does 
the achievement of a safe climate relate to the more widely held 
goal of avoiding dangerous climate change? 

The core objective of the UN Framework Convention on Climate 
Change, which also governs the Kyoto Protocol, is to achieve: 



[S]tabilization of greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system. Such a 
level should be achieved within a time-frame sufficient to 
allow ecosystems to adapt naturally to climate change, to 
ensure that food production is not threatened and to enable 
economic development to proceed in a sustainable manner. 
 

It is self-evident that the world should act to avoid 'dangerous 
anthropogenic [human] interference with the climate system', but 
making that our primary goal has created problems. 

The theory of the greenhouse effect was developed more than a 
hundred years ago by the Swedish chemist Svante Arrhenius. In the 
1960s, scientific interest in the theory began to intensify when the 
American scientist Charles Keeling published his findings, which 
showed that carbon dioxide levels in the atmosphere were 
systematically rising from the 315 parts per million that he had first 
observed in 1958. Thirty years later, scientific knowledge was strong 
enough to lead to the formation of the IPCC, by which time the 
atmospheric carbon dioxide level was 350 parts per million. 

Although concern about global warming was now growing 
strongly, it was also clear that changing human behaviour enough to 
stop, or slow, greenhouse-gas emissions would require very 
significant changes to the economy, and that these changes would 
be resisted strongly. So, scientists focused their message on the need 
to avoid dangerous climate change — a message that proffered 
threats big enough to grab the attention of the political elite and, 
perhaps, convince them that matters other than short-term 
economic gain should be considered. Corporate elites, however, 
maintained widespread resistance to their message, so scientists 



opted to focus on only the strongest concerns about climate change: 
how could we avoid the loss of the Greenland and the West 
Antarctic ice sheets and the metres of sea-level rise that would occur 
as a result? How could widespread ecosystem collapse be avoided? 

The result of this tactic was that scientists began to focus on 
action to avoid outright climate catastrophe. In response, the 
political-corporate elite set targets for change just a fraction under 
the levels that the scientists identified as having catastrophic 
consequences. Once these targets were articulated — for example, 
an upper- warming limit of 2 degrees, or 550 parts per million 
atmospheric carbon dioxide — policy inertia tended to lock them in, 
regardless of later changes in scientific knowledge. Scientists' 
concerns about identifying dangerous climate change, and about 
the measures necessary to avert it, were transformed into a process 
for avoiding catastrophe, or apocalypse, in some far-distant future. 
As a result, unrealistic targets have been set that, even if achieved, 
would see civilisation- destroying climate change. 

An alternative approach would identify climate conditions that 
are known to be safe, and then make it the goal of public policy to 
get back into this safe-climate zone and avoid leaving it again. 
Instead of scientists being asked to identify what elevated 
greenhouse-gas levels might be bearable (should we stabilise at 450, 
550, or 650 parts per million?), the safe-climate approach would be 
to ask what actions are necessary to get back to the zone in which 
greenhouse-gas levels are known to be safe. 

The danger of tipping points: a major concern is the possibility 
that key elements of the Earth system could go through critical 
thresholds or tipping points (as discussed in Chapter 10) that lead to 
a significant increase in warming processes, such as a big jump in 



greenhouse-gas emissions, or to a major change that severely harms 
other species or human societies. 

The evidence is clear that the Earth's biosphere is already in a 
state of dangerous climate change. Current impacts — including 
desertification and water shortages, extreme weather events, severe 
and frequent bushfires, ecological breakdown, difficulties with food 
production, and changes to major geophysical systems such as the 
Arctic — are already causing problems in many parts of the world. 
Pressures are building in the Earth system that will give way to even 
bigger changes in temperature and the environment, which means 
that the problems already causing concern are a relatively mild 
foretaste of what will come if the economy and the climate system 
are left to follow current trends. 

While climate danger is generally cast as occurring at some time 
in the future, climate change is already dangerous for some people: 
the populations of the small nations of the Pacific, who are already 
abandoning their low-lying island atolls because rising sea levels and 
storm surges make life there impossible; people in sub-Saharan 
Africa badly affected by extended drought; and the 
Inuit people of the Canadian Arctic who can no longer move safely 
across the sea-ice to hunt, and whose homes are cracking and 
tipping as the permafrost melts. 

The task, now, is to establish the boundaries of the safe-climate 
zone. Policy and action should be framed: 
• to protect all people, all species, and all generations; 
• to accept an even smaller risk of failure than the best-practice 

safety standards for the protection of people in civil engineering 
(the one-in-a-million principle) in avoiding dangerous changes to 
the Earth caused by climate change; and 



• to keep the Earth in the safe-climate zone, rather than to simply 
avoid dangerous climate change.

  



CHAPTER 13 
The Safe-Climate Zone 

For the past 100,000 years, humans and their predecessors have 
survived and adapted as the Earth's temperature has fluctuated by 
up to 7 degrees. The current global average temperature is within 1 
degree of the maximum temperature known to have occurred 
during the past million years, but conditions 6 degrees colder were 
experienced during the depths of the recurring ice ages. At a cold 
point 20,000 years ago, so much ice was stacked on the land that sea 
levels were 120 metres lower than they are now. On the other hand, 
125,000 years ago, when temperatures were similar to today, the sea 
level was 5-6 metres higher. 

The past 11,500 years since the last ice age is known as the 
Holocene — a period that coincides with the establishment of 
human civilisation. During the Holocene, temperatures have varied 
within a l-degree band, although the variation has, for the most part, 
been considerably less. Sea levels have been almost constant over 
the last few thousand years of human civilisation and, more 
significantly, over recent centuries, when most climate-sensitive 
infrastructure has been built. Coastal cities, including the special 
case of Venice, shipping facilities, the permanent settlement of river 
deltas, and other low-lying areas have survived because sea levels 
have moved very little. 

Increasingly, however, human activity is changing the surface of 
the planet and also, consequently, the climate. Today we see that 
impact around the globe. Large parts of the land have been taken 
over by humans for grazing and cropping, and for cities. Wetlands 
have been drained on a huge scale; rivers have been regulated with 
dams; and forests have either been cleared, or cut into small patches 



by roads and clearings. As we've extracted and processed resources, 
and thrown away our wastes, our natural world has become very 
fragile, fragmented, and impacted by chemical and physical assaults. 

The nation-states and the vast, fixed physical infrastructure of 
cities and roads that human civilisation has built will make it very 
hard to adapt and move across the continents if the climate were to 
become more changeable — if, for example, it began to swing 
between warm periods and glacial periods, such as those that left 
much of North America and northern Europe under metres, and 
sometimes kilometres, of ice, 20,000 years ago. While we might 
adapt to lower sea levels, higher seas would be catastrophic for 
whole cities, farming communities, nations, and coastal-wetland 
species. 

Given our sedentary pattern of living, how can we identify a band 
of environmental conditions that defines a contemporary 
safe-climate zone? Would the relatively stable climate pattern of the 
Holocene and its development of agriculture and civilisations be 
appropriate? Can we tolerate today's temperature, which is at the 
top end of the Holocene range? Should we accept a summer-ice- 
free state in the Arctic as a normal part of the range of conditions to 
be included in the safe-climate zone? To maintain the Earth 
system's resilience, is it ecologically necessary to cycle through a 
summer-ice-free state periodically? 

Avoiding a summer-ice-free Arctic 

During the past million years, the Arctic has been partially free of 
summer sea-ice for short periods, but today's circumstances are very 
different. In the past, this event represented the gently sloping top 
of the warming hill; now, however, the level of greenhouse gases, 
and the upward pressure on temperatures, is substantially higher. 



What is more, the temperature is charging through this barrier with 
the human foot still pressing on the emissions accelerator. The real 
risk is that, rather than mark the natural peak of the temperature 
cycle between periods of ice ages, a summer-ice- free state in the 
Arctic will kick the climate system into run-on warming and create 
an aberrant new climate state many, many degrees hotter. The last 
time such a warming occurred — many tens of millions of years ago 
— many plants and animals became extinct around the world. 

An Arctic free of summer sea-ice cannot, then, be considered part 
of the safe-climate zone, and urgently restoring its full extent is 
necessary to avoid significant ecological damage and, possibly, 
catastrophic greenhouse heating. 

In defining the safe-climate zone, it is more important to identify 
tangible elements of the environment that need to be restored and 
maintained, rather than just to focus on temperature and carbon 
dioxide levels. Some features of a safe-climate policy would include: 

• retaining the full summer Arctic sea-ice cover, the full extent of 
the Greenland and Antarctic ice sheets, and the full extent of 
the mountain glacier systems, including the Himalayas and the 
Andes; 

• maintaining the ecological health and resilience of the tropical 
rainforests and coral reefs, with no loss of area or species; 

• maintaining the health and effectiveness of the natural carbon 
sinks, at least, to their level of 50 years ago; and 

• capping ocean acidity at a level that prevents any risk to 
organisms. 

The appropriate temperature range and climate-system settings 
compatible with the maintenance of these environmental features 
can then be determined using the best available climate science, 



with a risk of loss of less than one in a million. Here are three ways 
of thinking about this range: 

The Hansen Arctic threshold: In the draft paper released in April 
2008, James Hansen and seven co-authors say that a carbon dioxide 
level of '300-325 parts per million may be needed to restore [Arctic] 
sea ice to its area of 25 years ago'. In other words, the amount of 
carbon dioxide in the atmosphere would need to be significantly 
reduced from the current level of 387 parts per million. 

Maintaining Arctic sea-ice thickness: The 
Arctic sea-ice thinned substantially from about 3.5 metres in the 
1960s to about 2.5 metres by the end of the 1980s, which was well 
before the beginning of the dramatic decline in ice-surface area that 
became apparent from the mid-1990s onwards. In the late 1980s and 
early 1990s, shifting wind patterns flushed much of the thick, older 
sea-ice out of the Arctic Ocean and into the North Atlantic, where it 
eventually disintegrated, replaced by a thinner layer of young ice 
that melted more readily in the succeeding summer. Mark Serreze 
from the University of Colorado says that 'this ice-flushing event 
could be a small-scale analogue of the sort of kick that could invoke 
rapid collapse, or it could have been the kick i tse l fPulses  of 
warmer water that began entering the Arctic Ocean in the 
mid-1990s, which promote ice melt and discourage ice growth along 
the Atlantic ice margin, are 'another one of those potential kicks to 
the system that could evoke rapid ice decline and send the Arctic 
into a new state', according to Serreze. In 1989, the global average 
temperature was about 0.3 degrees cooler than it is currently. To 
restore this temperature, it would be necessary to drop carbon 
dioxide levels to 315 parts per million. 

An insight from the early Holocene? For part of the period from 
6000-8500 years ago, the Arctic warmed to the point that it was 



largely free of sea-ice each summer. A Dutch- Danish scientific team, 
using plant-fossil data, estimates that the carbon dioxide level 
during this time ranged from about 325 parts per million to a 
less-well-defined lower level that allowed the summer sea-ice to 
return. 

While more research is needed before the boundaries of the 
safe-climate zone can be set definitively, it is reasonable and 
prudent to conclude from these three case studies that we should 
aim, initially, for at least a 0.3 degree cooling to bring the global 
average temperature- increase above pre-industrial levels to less 
than 0.5 degrees. To bring the planet within reach of this 
temperature, the atmospheric carbon dioxide level should be under 
325 parts per million — the level that Hansen is arguing is needed to 
fully restore the Arctic ice. 

This would also be a reasonable boundary for avoiding a range of 
other major climate problems, including the loss of the mountain 
glaciers, and the Greenland and West Antarctic ice sheets; damage 
to tropical rainforests; and a decline in the capacity of carbon sinks. 

Hansen, discussing the impending loss of the Arctic summer 
sea-ice in October 2007, noted that the climate system is dominated 
by positive feedbacks — knock-on effects that exaggerate the 
current trend of the climate. These feedbacks run in both directions, 
so if enough of the strong, high-inertia warming feedbacks were 
stalled, or turned around, and the Earth was cooled for a while, the 
climate system would then run in the opposite direction. If humans 
decided to initiate a sufficient cooling, natural feedbacks would 
complete the job. 



Cooling the Earth 
The Earth is already too hot, and there's already too much carbon 
dioxide and other greenhouse gases in the atmosphere. The first key 
step to fix this is to stop adding to the heating processes — 
greenhouse-gas emissions need to be cut to zero. The second step is 
to remove from the air the excess carbon dioxide that is keeping the 
planet too hot. The third step, because time is short and there is 
already so much heat in the system, may be for humans to cool the 
Earth directly. 

To cut greenhouse-gas emissions, we will need to reduce those 
warming agents that have a short life. Methane, for example, has a 
relatively short life in the atmosphere of about a decade, so cutting 
methane emissions would have an effect relatively quickly. Measures 
to achieve this include stopping coal, oil, and gas mining (to stop 
methane leakage); re-engineering waste disposal (trapping methane 
as an energy source); changing irrigation methods and varieties of 
rice cultivation; and decreasing the commercial herding of ruminant 
animals, especially cattle. 

We must also stop emitting greenhouse gases, including carbon 
dioxide, and heating agents, such as black soot, urgently. This is 
essential, because carbon dioxide is acidifying the upper ocean, 
preventing marine organisms from forming calcified shells and 
exoskeletons. If this continues it will lead to major marine animal 
and plant extinctions in the not-too-distant future. Black soot is a 
short-lived warming agent that is washed out of the air by rain in a 
matter of days; cutting its emissions would have an immediate effect. 
By dirtying ice, black soot also accelerates glacier and ice-sheet 
melting — particularly in the Himalayas, because one-third of 
black-carbon emissions come from India and China. Programs to 
cut black-soot emissions — for example, by ending the use of coal 



for heating, stopping diesel use, and by providing energy-efficient 
and smoke-free cookers to rural communities across Asia — would 
have an immediate and dramatic effect in reducing the heating 
effect. 

Zero-carbon Britain: an alternative energy strategy, published in 
2007, is one of many research reports that demonstrate the 
feasibility of building a post-carbon economy. Many of the practical 
technologies and solutions are also surveyed in Chapter 20 of this 
book. 

We must also remove excess carbon from the air. We cannot 
return to a safe climate if we only cut emissions to zero, because 
carbon dioxide remains in the atmosphere for so long. Estimates by 
Matthews and Caldeira from Stanford University indicate that 
around 200 billion tonnes of excess carbon needs to be drawn out of 
the atmosphere to achieve the 0.3-degree decrease in the global 
temperature that is necessary. 

Techniques for trapping carbon that is already in the atmosphere 
include boosting the natural terrestrial processes (re-afforestation); 
and producing agricultural charcoal, known as bio-char, which is 
sequestered in the ground. 

Such large-scale, relatively low environmental- impact methods 
depend on growing plants that naturally absorb carbon dioxide. 
Growing these in the extremely large quantities necessary to draw 
down substantial amounts of carbon, however, may conflict with 
land use for nature conservation or food production. This, along 
with issues such as water availability and social impacts, needs to be 
considered in planning such schemes. 

Although it is necessary to reduce human greenhouse-gas 
emissions to zero as quickly as possible, there is a critical side effect. 
Most carbon dioxide generated by human society is produced by 



deliberately burning fuels such as coal, oil, gas, and wood, or by 
unintentionally burning plant material in bushfires, but these 
processes also produce aerosols, including smoke, and small-particle 
pollution such as soot, dust, and sulphate particles. 

If we were to stop burning fossil fuels tomorrow, the aerosols that 
cool our planet would be rained out of the air in about ten days. 
Without these aerosols, which mask roughly half the heating effect 
caused by carbon dioxide, there would be a sudden jump in 
temperature. Stopping all carbon dioxide emissions could produce a 
short-term warming of one-half to one degree. Cutting black 
carbon-soot emissions would offset some of this effect. 

Removing aerosols causes steeper warming the more quickly that 
fossil-fuel combustion is cut. If fossil-fuel combustion were to be cut 
to zero in two decades then, assuming a mid-range climate 
sensitivity, the loss of the related aerosols plus the warming already 
in the system could produce a warming of more than one degree in 
twenty years. This would be highly destructive to our ecosystems. 

Reducing fossil-fuel combustion to zero in 50 years will also 
produce a rate of warming far beyond the capacity of most 
ecosystems to cope, because of the aerosol cooling lost. Cutting 
fossil-fuel combustion much more slowly, to zero in a hundred years, 
would have the same effect because, particularly in the latter part of 
the timeline, more carbon would be kicking into the atmosphere 
from failing natural carbon sinks, exacerbating the long-term trend. 

Slowing the rate of reduction of fossil-fuel combustion may then 
make the warming problem from aerosol reduction less severe in the 
short term, but worse in the long-term. 

These 'damned if you do, and damned if you don't' problems are 
known in the fields of science, politics, and economics as 'wicked 
problems', a concept first articulated by design and planning 



theorist Horst Rittel. A 'wicked problem' describes a complex set of 
interrelated and circular problems which are resistant to resolution 
and where any solution is not good or bad, but only better or worse. 
Each 'wicked problem' is unique and, effectively, offers only one 
chance to achieve the least-worst resolution, because poorly 
constructed 'solutions' can compound the problem and, in many 
cases, there is a limited time horizon for effective action. 

Getting to the safe-climate zone will take time. But, as each year 
slips by, the impact of warming and the problem of positive 
feedbacks takes us further away from that zone. 

How long will it take the Earth to cool sufficiently if we achieve 
zero greenhouse-gas emissions and start reducing atmospheric 
carbon dioxide? This will depend, in part, on how long it takes us to 
make the major economic change necessary to achieve zero 
emissions and to put in place a system to capture and sequester 
excess carbon dioxide from the atmosphere. Historical precedents 
for rapid industrial change, such as the Asian 'tiger economies' and 
the information- technology revolution, suggest that it could be 
achieved in two to three decades. The economic restructuring 
achieved during World War II shows that a fast economic transition 
like this is possible. 

However, even after major economic changes were made, 
drawing down excess carbon dioxide from the air could take 50 to 
100 years (even at a high depletion-rate of 6 billion tonnes a year), 
because of the carbon still being emitted, and the time necessary to 
develop, build, and maintain such large-scale processes. 

While Arctic cooling would start before all the excess carbon 
dioxide was taken out of the air, it could still be a century before it 
returned to a safe-climate condition. Over that lengthy amount of 
time, the Earth would still be subject to rising temperatures. A 



i-to-2-degree rise above the present temperature is not out of the 
question, even if we established a zero-emissions economy in two to 
three decades — especially when the aerosol dilemma is taken into 
account. 

The risk is real that during the early decades of the transition, 
major damage could be done to Earth's ecosystems, such as tropical 
rainforests. It is also possible that the permafrost, and other sources 
of natural carbon, could be so strongly mobilised, and the natural 
carbon sinks so damaged, that the process of taking carbon dioxide 
out of the air would be overwhelmed. In one century, enough ice 
could be lost from the Greenland and West Antarctic ice-sheets to 
raise sea levels by several metres. If most of the ice in the Himalayas 
were lost, food production in nations from the Indian sub-continent 
to China would be drastically reduced. These would be 
civilisation-disrupting changes, even if run-on heating was avoided. 

The grim reality is that the Earth is too hot right now. Even a 
zero-emissions strategy and a monumental effort to pull excess 
carbon dioxide out of the atmosphere will not achieve the necessary 
cooling soon enough. We must consider the third strategy — 
cooling the Earth directly. 

Natural ecosystems play a role in moderating the Earth's 
temperature. Marine plankton releases a gas, dimethyl sulphide, 
that disperses into the air and helps to form dense, 
sunlight-reflecting cloud; there is also some evidence that water 
evaporating from forests carries bacteria into the atmosphere to aid 
the formation of light-reflecting clouds. So boosting the health of 
marine plankton could help, as could re-establishing forests on a 
large scale; however, as global warming grips the planet, it is 
becoming more difficult to maintain biological systems, let alone to 



re-establish large areas of forest. If they are to cool the atmosphere, 
the Earth's ecosystems may need even more help. 

In 1992, a US National Academy of Science report on greenhouse 
warming discussed climate geo-engineering, including very 
large-scale projects that would deflect a small proportion of the 
solar radiation striking the upper atmosphere, in order to produce a 
small cooling. The possibilities considered ranged from the 
science-fiction-like placement of reflectors in space, to copying the 
cooling effect of volcanic eruptions by pumping sulphates, or other 
particles, into the upper atmosphere, where they would last for a 
year or two. 

More recently, scientists such as Ken Caldeira and Nobel-laureate 
Paul Crutzen have studied proposals to pump sulphate aerosols into 
the stratosphere, and it seems that this measure could fully cancel 
the warming caused by greenhouse gases and other warming agents, 
such as black soot. The sulphate program could be implemented 
within a few years and have an immediate cooling effect. However, 
it is not a substitute for a zero-emissions program, or an excuse to 
continue emitting greenhouse gas. Nor is it a safe solution in the 
long-term, since any premature end, or interruption, to such a 
program — through war or economic recession, for example — 
would subject the globe to a major heating-pulse within two years. 

The greatest value from a sulphate geo- engineering program, 
with the least ecological risk, would be to carry it out as soon as 
possible, for as short a time as possible. Every effort should be made 
to reduce the necessary intensity of any geo-engineering program — 
for example, by bringing down methane and black-soot pollution as 
fast as possible. 

Humans have been unintentionally geo- engineering the Earth for 
a long time. The first major intervention was the use of fire to 



reshape ecosystems over large areas; the second was the 
introduction of large-scale land clearing for farming and other 
purposes; and the most recent has been industrialisation, which 
moved massive amounts of materials into the air, the waters, and 
the land. The warming effects of this pollution are now, belatedly, 
recognised as very dangerous; but it looks as though simply stopping 
this geo-engineering, without first returning the Earth to a viable 
state, is not a workable option. 

It is critical that temporary atmospheric geo-engineering should 
complement, rather than replace, a zero-emissions industrial 
structure that would remove the full excess carbon dioxide from the 
air as fast as possible. If it is not part of such a package, atmospheric 
geo-engineering should be rejected outright. 

If this kind of program seems desperate, it is only an indication of 
the desperate straits our planet is now in. We must consider the 
least-worst options to save the Earth. These are absolutely necessary 
to stop the climate becoming so warm that a return to the safe zone 
is beyond reach.
  



CHAPTER 14  
Putting the Plan Together 

This book started in the Arctic, because shrinking sea-ice is one of 
the triggers which shows us that climate change is already 
dangerous. To recover the Arctic's climate, the goal developed in 
Chapter 13 is to replace global warming with global cooling sufficient 
to drop the temperature enough to allow the full return of the 
summer sea-ice. This is the only way we can avoid the domino effect 
of sea-ice loss, the albedo flip, a warmer Arctic, a disintegrating 
Greenland ice sheet, more melting permafrost, and the whole 
catastrophe. 

If we fail to stop global warming, life in the future will be hellish 
— not because of what we will do from now on, but because of we 
have already done. Based on a conservative view of climate 
sensitivity: 

• Human emissions, so far, have produced a global warming of 
0.8 degrees. 
• Our non-carbon dioxide greenhouse-gas emissions are adding 
about another 0.7 degrees to potential global warming. This 
amount of heating is offset by aerosols, which have a temporary 
cooling effect of approximately 0.5-1 degree, although this figure 
may well be too low. 
• There is more warming to come as a result of 'thermal inertia', 
which refers to the delayed temperature effects produced by 
rising carbon dioxide levels. Only about half of the temperature 
increases will appear within 25 years, another quarter will take 150 
years, and the last quarter may take many centuries to show up. 
This is because the oceans are continuing to absorb much of the 
heat accumulated as a result of rising carbon dioxide levels. Once 



the oceans cannot absorb any more, the heat will build up in the 
atmosphere. Thermal inertia and other lags in the system will 
take the total long-term global warming induced by human 
emissions, so far, to 1.4 degrees (although some warming will take 
a very long time to manifest, and will be affected by the extent to 
which the carbon cycle, over time, draws down the atmospheric 
concentration). 
• The loss of the Arctic ice would also produce an increase of 
approximately 0.3 degrees, due to the albedo flip, although it will 
take time for this to happen. 
• If total human emissions continue at their present level for two 
more decades, this is likely to add at least 0.5 degrees to the 
system by 2030; however, on current trends, emissions are 
projected to increase 60 per cent above present levels by 2030. 
If we keep acting as we have, the Earth's atmospheric temperature 

will very likely be at least 2 degrees warmer by mid-century, with 
more warming to come. 

A world free of the imminent threat of climate catastrophe would 
be one in which the Arctic basin again gleams white with sea-ice, 
and in which human ingenuity and determination is sufficient to 
cool the Earth back to the safe-climate zone. Although some people 
are incredulous when they first hear this proposition, we are yet to 
see a reputable climate researcher state that the Arctic could remain 
free of sea-ice long term without dangerous climate change 
occurring. 

We can cool the planet, get back the Arctic sea-ice, and preserve 
the great polar and high-mountain ice-sheets — or watch the 
system spin out of control. There is no middle way between these 
stark options. It is not a matter of how much more greenhouse gas 
we can add to the atmosphere; it is a matter of what means we must 



use, what speed we must attain, and what extent we must reach, as 
we take action to draw down the current levels of greenhouse gases 
to a safe level, in time to avoid catastrophic climate change. 

Any proposal for a goal of higher than 0.5 degrees warming would 
be foolhardy. The only alternative conclusion (which we do not 
support) is that it is safe to leave the Arctic sea-ice melted, and to 
plan for a long-term target much higher than the current warming 
of 0.8 degrees, on the assumption that such a course of action would 
not involve the planet crossing dangerous climate tipping points. 

This second approach is, implicitly, the view of all the major 
nations and players involved in setting climate policy. Their 
challenge is to provide a reasoned argument explaining why it is a 
safe course of action to leave the Arctic Ocean free of ice in summer. 
We are not aware of any evidence that would support such a 
proposition. 

NASA's James Hansen told scientists and others at the American 
Geophysical Union conference in San Francisco in December 2007 
that we, as a species, passed climate tipping points for major 
ice-sheet and species loss when we exceeded 300-350 parts per 
million carbon dioxide in the atmosphere. He said that this point 
was passed decades ago, and that climate zones such as the tropics, 
and temperate regions, will continue to shift, and the oceans will 
become more acidic, endangering much marine life. He added: 'We 
either begin to roll back not only the emissions [of carbon dioxide] 
but also the absolute amount in the atmosphere, or else we're going 
to get big impacts ... We should set a target of carbon dioxide that's 
low enough to avoid the point of no return [our emphasis].' Hansen 
estimated that target to be 300-350 parts per million carbon dioxide, 
concluding: 'We have to figure out how to live without fossil fuels 
someday. Why not sooner?' 



To restore the Arctic sea-ice, James Hansen and his coauthors 
have explicitly identified the target as being in the range of 300-325 
parts per million carbon dioxide. This is consistent with work by 
Hansen, before the Arctic summer of 2007, which pointed to the 
need for a cap that was a safe amount less than 1.7 degrees: 

Earth's positive energy imbalance is now continuous, 
relentless and growing ... this warming has brought us to 
the precipice of a great 'tipping point'. If we go over the 
edge, it will be a transition to 'a different planet', an 
environment far outside the range that has been 
experienced by humanity.  There will be no return within 
the lifetime of any generation that can be imagined, and the 
trip will exterminate a large fraction of species on the 
planet. 
 

More recently, in court testimony in Iowa, Hansen reaffirmed his 
view: 'I am not recommending that the world should aim for 
additional global warming of one degree. Indeed, because of 
potential sea level rise, as well as the other critical metrics ... I infer 
that it is desirable to avoid any further global warming [our 
emphasis].' 

Global equity 

Until recently, most players in the climate-policy arena assumed 
that while global-warming emissions needed to be cut substantially, 
they did not need to be reduced to zero, so it would be fair for all 
people across the globe to share a reduced annual greenhouse-gas 
limit. Poor people could keep increasing their fossil-fuel use until 
their emissions reached the limit, and people in rich countries 
would need to keep reducing their emissions until they reached the 



same per capita level (a principle known as 'contraction and 
convergence'). 

But it is now clear that greenhouse-gas emissions must be cut to 
zero, levels of carbon dioxide must be drawn down and, most likely 
for some decades, the planet must be actively cooled. What, then, is 
a fair way to share these global tasks? 

Our proposed safe-climate strategy is based on the protection of 
'all people, all species, all generations'; but people and nations have 
contributed very unevenly to global warming. The developed 
economies are responsible for most of the historic atmospheric 
carbon emissions (and most emissions since 1990), and they have 
the responsibility and the capacity to provide resources to the 
world's poorer nations to create a path to development that 
preserves a safe climate. In a September 2007 report, the global 
investment bank Lehman Brothers called for a 'global warming 
superfund', and strongly implied that nations should pay into it on 
the basis of their historical emissions. 

More systematically, a Greenhouse Development Rights 
framework has been designed by the US-based climate think-tank 
EcoEquity to support an emergency climate-stabilisation program 
while, at the same time, preserving the right of all people to reach a 
dignified level of sustainable human development that is free of the 
privations of poverty. The framework quantifies national 
responsibility and national capacity. Its goal is to provide a coherent, 
principle-based way of thinking about the national obligations to 
pay for emissions-reduction, and to adapt to changing climates. 

There is no significant benefit to any country in continuing with a 
high-emissions economy, and all new investments should fit the 
modern zero-emissions paradigm. But what about cutting emissions 
from existing plant and equipment? The cost of this task, and of 



providing an adequate and secure energy-supply for all people in all 
countries, should be borne on the basis of past responsibility and 
present capacity. 

There is no country, or class of people, rich or poor, that will 
benefit in any durable way from a greenhouse-devastated world. All 
people, in every country, face the need for change. There is no 
doubt, however, that the lion's share of the problem was caused by 
the rich countries and classes — initially unknowingly, but for at 
least the last two decades, wilfully — and so ethical equity 
principles would lay the bulk of the cost at their feet. 

The challenge 

In light of the strong goals we have proposed — the need to develop 
large-scale drawdowns of carbon dioxide, and the need to solve the 
aerosols dilemma through geo-engineering or other means — there 
is a legitimate concern about whether, in present social and political 
circumstances, such deep and rapid change is possible. Very large 
levels of investment would be required to solve problems, develop 
and implement new technologies and solutions, and restructure the 
economy rapidly. It is hard to imagine that the unity of purpose 
required for such a transition could be attained in normal political 
and social circumstances. 

Fortunately, human societies have another mode that they turn to 
in times of great need: the state of emergency. The form of 
emergency required to tackle the climate crisis will be different, in 
important ways, from more familiar emergencies: it will require 
coordinated global actions, it will be a long emergency, and the 
world will be very different, in many ways, when it is over. 

It is possible that governments will grasp the gravity of our 
situation, recognise the emergency, and create the social, 



administrative, and economic circumstances required to deal with 
the climate crisis. More likely, we will need to create a popular 
movement and a deliberate advocacy program to create the 
necessary political will. Failure to declare a state of emergency is 
likely to result in a profoundly ineffective response to the climate 
crisis. 

The risk today is that we continue to treat the climate crisis as 
something that lies in the future, and we continue to talk about 
reaching climate targets only years, or even decades, hence. So far, 
when practical difficulties arise with targets, we have re-calibrated 
the future, deluding ourselves that more warming is reasonable. It is 
not. Will we continue to recalibrate the future as the truth of 
climate change becomes increasingly inconvenient? That path will 
condemn our descendants to accept the bitter truth that we allowed 
two degrees of warming to become three, and then four, as the seas 
engulfed their cities and farmlands. 

The alternative is to move beyond politics and business as usual, 
and into emergency mode. 
  



PART THREE  

The Climate Emergency 

'The era of procrastination, of half-measures, of soothing and 
baffling expedients, of delays, is coming to a close. In its place we are 
entering a period of consequences.' 

- Winston Churchill, November 1936
  



CHAPTER 15 
This Is An Emergency 

On 13 April 1970, some 321,000 kilometres from Earth, the Apollo 13 
spacecraft was hit by an explosion that resulted in a loss of oxygen, 
potable water, and most electrical power. The access panel covering 
the oxygen tanks and fuel cells, which extended the entire length of 
the main craft's body, had been blown off. Apollo commander Jim 
Lovell's laconic message, 'Houston, we have a problem,' signalled a 
technological failure so great that mission objectives were 
abandoned. The moon landing was aborted. 

The priority of the astronauts onboard the craft was survival at 
any cost. Life-support systems were at risk, and energy use had to be 
cut to a minimum, since little power was available. The crew shifted 
to their tiny lunar module — an emergency procedure than had 
been simulated during training — and abandoned the main craft, to 
which the module remained attached. But the lunar module was 
equipped only to sustain two people for two days; now, with 
insufficient capacity to keep the air clean or to heat the module to a 
habitable temperature, it needed to sustain three people for four 
days. There was no precedent, no manual, and no set of pre-tested 
solutions; but there was a driving imperative that was reinforced by 
mission control in Houston: 'Failure is not an option!' 

A sequestration filter was invented on the run while carbon 
dioxide rose to dangerous levels. 
With inadequate mechanical control, the astronauts had to 
negotiate course alterations while engineers on the ground 
calculated the best way to use auxiliary motors to position the craft 
for the return journey. 



Under this level of pressure, the on-the-run problem-solving 
required ingenuity and intense teamwork. The outcome was in 
doubt up to the last moment, but the crew made it and survived. 
The mission was deemed 'a successful failure'. Careful planning and 
training (including allowing for the possibility of having to jettison 
the main craft), strong cooperation between all involved, creative 
off-the-wall solutions, and a great measure of good fortune had 
combined to save the day. 

Today, Earth faces a similar degree of peril, and its message can 
only be: 'People of the world, we have a problem.' Our planet's 
health and its capacity to function for the journey through time are 
now deeply imperilled. We stand on the brink of climate 
catastrophe. 

Like Apollo 13, we have only one option: to abandon our 
life-as-normal project, hit the emergency button, and plan with all 
our ingenuity how to survive and build a path for a return to a 
safe-climate Earth. We have to act with great speed, determination, 
and ingenuity. Our life-support systems — food, water, and stable 
temperatures — are at risk, and our consumption of fossil fuels is 
unsustainable. Energy use must be cut. The voyage will be perilous, 
and will require intense and innovative teamwork to find and 
mobilise technological and social answers to as-yet-unidentified 
problems. Putting aside mantras about high costs, our collective 
actions need to be driven, instead, by the imperative: 'Failure is not 
an option!' If we do not succeed, we will lose most of the life on this 
planet. 

Lacking its main motors and with uncertain technological control 
functions, Apollo 13 had only one chance to position itself in exactly 
the right trajectory so that the moon's gravitational force would pull 
it back to Earth safely. We, too, have only one chance to get global 



warming under control and to guide the planet back to the 
safe-climate zone. If we do the wrong things, or we set our approach 
incorrectly and don't do enough, there will be no time for a second 
chance. 

We have already entered an era of dangerous climate change. If 
left unchecked, the dynamics and inertia of our social and economic 
systems will sweep us on to ever more dangerous change and then, 
most likely within a decade, to an era of catastrophic climate 
change. 

If the response to global warming continues to be contained 
within the current all-too-narrow parameters, it will guarantee 
disaster. Given the lessons from the Arctic summer of 2007 — let 
alone all the other early-warning signs that climate scientists are 
noting increasingly— allowing warming to reach even 2 degrees, let 
alone the increasingly advocated 3 degrees, is reckless. 

This is our emergency. 
  



CHAPTER 16 A Systemic Breakdown 

The Apollo 13 emergency put just three lives at risk. Large 
emergencies triggered by flood, fire, famine, earthquake, or disease 
may affect millions. Across such diverse circumstances, the usual 
approach is to direct all available resources towards resolving the 
immediate crisis and to relegate non-essential concerns to the back 
burner. 

Today, there is a practical argument that we should focus all our 
attention exclusively on the climate crisis, because it will take a 
huge effort to solve; but we need to ask whether there are other 
issues that will be seen, in retrospect, to have caused major 
problems if they were to be ignored, either because they are of great 
moral significance or because they seem more compelling in the 
short term. 

The unambiguous answer is that there are several key concerns 
that must be resolved together with the climate crisis. There are 
those — such as peak oil, severe economic downturn, warfare, and 
pandemics — that cannot be ignored because their impacts on all 
people are so great. There are also ethical problems we should not 
ignore, such as poverty (including the adequacy of food supply at an 
affordable price) and the need for biodiversity protection. 

The intertwined problem of climate and dwindling oil reserves is 
a good example. The continuing discovery of geological reserves of 
cheap conventional oil cannot keep pace with growing world 
demand, and the crisis point for oil production and consumption, 
commonly referred to as 'peak oil', is a reality. Its emergence is 
reflected, in part, in rising oil prices and in the expectation that they 
will continue to increase as the gap between supply and demand 
increases in coming years. In Australia, the 2007 Queensland state 



government's task-force report Queensland's Vulnerability to Rising 
Oil Prices found 'overwhelming evidence' that world oil production 
would reach an absolute peak in the next ten years; at the same time, 
the US Department of Energy predicts that demand for this 
declining resource will have increased by 24 per cent by 2020. 

Clearly, we cannot resolve the global-warming threat before peak 
oil demands our attention in a very practical way. Nor can we delay 
resolving the climate issue: the restructuring needed to solve the 
peak-oil problem will take at least ten to 20 years, yet the climate 
solution demands major economic changes in the same time-period. 
The two problems must be considered together with integrated 
solutions. 

At the same time, we must find appropriate solutions that also 
address other challenges. To achieve a safe climate and eliminate 
human greenhouse-gas emissions, we need to apply many resources 
simultaneously; we need to take large amounts of excess carbon 
dioxide out of the air, and we need to actively cool the Earth; at the 
same time, we need to maintain adequate supplies of affordable 
food, and secure survival of the world's biodiversity. 

The production of fuel substitutes as a solution to peak oil is an 
example of the sort of challenge we are encountering in trying to 
achieve integrated solutions. Faced with increasing dependence on 
imported oil (which is continually rising in price), the US 
government, among others, is actively encouraging the diversion of 
food crops to the production of ethanol, a petrol substitute. 
Together with climate-related food-production problems, the 
ethanol 'solution' has contributed to global food shortages and 
sharply rising prices, and has particularly affected the poor and 
malnourished. 



For transport, the alternative to focusing on the replacement of 
one organic fuel source (petrol) with another (ethanol) is to actively 
reduce the demand for energy — for example, by replacing current 
cars with vehicles designed for ultra-efficiency (such as electric 
vehicles charged from renewable sources), or by creating 
infrastructure that enables people to switch from car travel to public 
transport, walking, or cycling. The need for mobility could also be 
reduced by improving urban planning, or by making use of 
electronic 'virtual travel' such as videoconferencing. So far, these 
demand-reduction strategies have not been given political 
prominence. 

The connection between climate, rising oil and food prices, the 
financial crisis, and economic recession is another example of the 
interplay between critical issues. Since the 1987 Wall Street crash, 
monetary authorities have used credit expansion — and condoned 
the development of a whole new range of dubious financial services 
and practices — as a tool to promote consumption and to stop the 
economy spiralling into recession. But now strong inflationary 
pressures are being driven by rising oil and food prices, and by 
expansionary war expenditure for Iraq and Afghanistan — itself 
motivated in part by oil — and these are being financed by large 
deficits. The consequence has been financial crisis, but monetary 
authorities are now not as free to use credit expansion to increase 
demand, and this slowdown may have its own negative impacts on 
climate: if a recession is allowed to run its course, there could be 
less money available to invest in responses to the climate and 
peak-oil crises. On the other hand, if governments invest in 
traditional public infrastructure areas in order to 'prime the 
economic pump', the result may be more roads and freeways, which 
will exacerbate climate and peak-oil problems. Only if 



pump-priming investment is framed with the climate and peak-oil 
problems in mind will the response to recession produce a beneficial 
cycle of change. 

A systemic crisis often arises when many problems come to bear 
on one key issue. In the late 1960s and early 1970s, there was 
concern about the likelihood of future large-scale food shortages, 
because population was growing rapidly and there was a fear that 
food production would fail to keep pace. Overall, populations did 
not continue to grow as fast as expected, and food supply expanded 
more rapidly — a result of the 'green revolution', which utilised new 
strains of higher-yield crops and increased inputs of water and 
fertiliser. This worked in the short term, but required more water 
per unit of agricultural output, and increased the use of 
nitrogen-based fertilisers, which release global-warming nitrogen 
oxides. 

Now, a whole series of problems are driving a wedge between 
potential demand and actual supply for water. In many areas, and 
especially in the heavily populated developing countries of Asia, 
extra water was made available through tube wells, or bores. This 
worked for decades, but groundwater stocks are now running out, 
and in some places the water is naturally contaminated with arsenic, 
causing serious health problems. Global warming has also affected 
rainfall, so that there is less usable water available at the same time 
as urban demand for water is increasing. 

An increase in unpredictable weather events and changing 
climates — for example, unusual monsoon patterns — are making it 
harder to maintain food supplies. Most available high-value land 
with agricultural potential has been utilised, so there is, increasingly, 
less opportunity to expand agricultural areas and to replace land 
that has been damaged by erosion and salinity. The UN's 2007 



report Global Environment Outlook: environment for development 
found that total arable land has reached a plateau at 14 million 
square kilometres, while the area under cereal crops dropped from 
7.2 to 6.6 million square kilometres between 1982 and 2002. 

The continuing growth of the global population — and of 
incomes for many people in industrialising countries — is 
increasing demand for food, just as food crops are being diverted to 
biofuel production. As a result, the prices of many food staples have 
been rising sharply. Between 1974 and 2005, world food prices fell by 
three-quarters, in real terms. Since then, that trend has reversed, 
with the price of wheat almost doubling in 2007, and the prices of 
maize, milk, and oilseeds reaching near-record highs. In 2007, the 
food-price index, published by The Economist, increased by 75 per 
cent. 

It seems that the price of food — or the supply of affordable food 
— is becoming a key indicator of a new phenomenon: a multi-issue 
crisis of sustainability that incorporates food, water, peak oil, and 
global warming. 

At the same time, the natural physical infrastructure on which all 
living things depend is being put under more and more stress. 
Marine ecosystems are increasingly breaking down due to 
over-fishing, while forests in many parts of the world are being 
cleared on a vast scale. Where they're not fully cleared, forests often 
are being broken up into isolated islands that have a greater chance 
of being invaded by pest species and less capacity for native species 
to move between areas in response to fire and drought. 

An overwhelming case has been put forward which says that we 
should not focus on climate change exclusively. If we ignore the 
many issues that could undermine life and wellbeing, we may, if we 



are lucky, solve the climate crisis only to find we have crashed the 
planet's life-support systems in some other way. 

Since the beginning of the industrial revolution, we have failed to 
build and maintain a system that has enabled modern society to 
ensure its own sustainability and that of other living species. Now, 
we have a sustainability crisis with a multitude of serious symptoms. 
An effective governance system would anticipate and prevent threats 
to sustainability, and would also have the capacity to restore the 
Earth and society to its safe zone as soon as possible.
  



CHAPTER 17 
When 'Reasonable' Is Not Enough 

In November 2007, UN secretary-general Ban Ki-Moon told the 
world that global warming is an emergency, and 'for emergency 
situations we need emergency action'. Why, then, has climate 
politics moved in such a painfully slow manner? How can the 
impasse be resolved between urgent action, based on the science, 
and action that seems 'reasonable' in the current political 
environment? 

It seems as if there are two great tectonic plates — scientific 
necessity and political pragmatism — that meet, very uneasily, at a 
fault line. Some examples may help to illustrate the tensions and 
compromises that result from trying to balance the two factors: 

• In 1996, the European Union's Environment Council ignored 
advice from the advisory group on greenhouse of the World 
Meteorological Organisation, the International Council for 
Science, and the UN Environment Programme that an increase in 
the global average temperature of greater than 1 degree above 
pre-industrial levels 'may elicit rapid, unpredictable and 
non-linear responses that could lead to extensive ecosystem 
damage' [emphasis added]. Instead, they advocated a 2-degree 
cap, even though that figure was described as an upper limit 
'beyond which the risks of grave damage to ecosystems, and of 
non-linear responses, are expected to increase rapidly'. 

• The Stern Review identified a need, based on its reading of the 
science, for a 450-parts-per- million (or 2-degree) cap of carbon 
dioxide levels, but then said that this would be too difficult to 
achieve and advocated a 550-parts- per-million (or 3-degree) cap 
instead. 



• In 2007, under Kevin Rudd, the Australian Labor Party's 
pre-election climate-policy statement effectively supported a 
3-degree cap, despite data quoted in the statement itself that 
unequivocally demanded a much lower target. 
• The IPCC has not called for climate modelling stabilising 
temperatures at less than 2 degrees, despite the evidence that the 
safe zone is much lower. Although the IPCC says its role is to simply 
represent the science, not to advocate policy, this seems to be a case 
of the IPCC allowing political norms to limit the scope of the 
research that it encourages or reports. 
• Many climate and policy researchers, while privately expressing 
the view that the 2-degree cap is too high for a safe-climate world, 
have, nevertheless, publicly advocated less effective goals, because 
they perceive them to be more acceptable. Their argument is that 
they 'wouldn't be listened to' if they said what they really thought. 

Some climate-action advocates speak of the need to occupy the 
'middle ground', or to be at least 'heading in the right direction', 
because 'it is always possible to go further later on'. This stance turns 
risk-aversion on its head by failing to consider worst-possible 
outcomes. At the same time, it is politically advantageous 

because it obviates the need to talk about preventative actions 
that are currently perceived to be 'extreme'. As a result, much 
advocacy aims for a direction-setting minimum requirement, rather 
than for a clear statement of what is needed. 

• During 2007, the position of the Australian Conservation 
Foundation was that emissions should be cut '60 to 90 per cent' by 
2050 (a 60 per cent cut would leave emissions in 2050 at four times 
the level required of a 90 per cent reduction). Yet, in a 2008 
preliminary report, economist Ross Garnaut told the new 



government that a 90 per cent cut may be necessary, and that 60 per 
cent was far from enough. 

In all these examples, we see a reluctance on the part of 
organisations and people to go beyond the bounds of perceived 
acceptability. The result is advocacy of solutions that, even if fully 
implemented, would not solve the problem. We have a sense that 
many of the climate-policy professionals — in government, research, 
community organisations, and advocacy — have established 
boundaries around their public discourse that are guided by a 
primary concern for 'reasonableness', rather than by a concern for 
achieving environmental and social sustainability. 

Many people whose work centres on climate change have been 
struggling for so long to gain recognition for the problem — having 
had to cope with a lack of awareness, conservatism, and climate 
deniers — that they now have deeply ingrained habits of 
self-censorship. They are concerned to avoid being dismissed and 
marginalised as 'alarmist' and 'crazy'. Now that the science is 
showing the situation to be far worse than most scientists expected 
only a short while ago, this ingrained reticence is adding to the 
problem. 

A pragmatic interdependency links many of these players in a 
cycle of low expectations and poor outcomes. Here is an outline of 
the concerns of some of these key players, based on conversations 
and correspondence we have had with them. The cycle is a 
merry-go-round, so it matters little where it starts. 

Under pressure to stick to the science and avoid expressing an 
opinion, a climate scientist may take the view that society needs to 
make the judgement about what it determines to be dangerous 
climate change: 'It's not for me, as a scientist, to tell you what's 
dangerous or what the political target ought to be. I try to inform 



the debate by explaining what the risks actually are at these various 
levels, and by offering policy options that society could consider.' 

Community-based climate-action groups, often lacking detailed 
technical knowledge, will respond by saying that they are not about 
to doubt the views put forward by the science professionals, which 
they hear from the media and from the IPCC: 'We have to trust in 
their abilities to lead us. They are the ones who know — we can't 
say things that they haven't, and we can't speculate on what a few 
scientists might be saying, if it isn't in the IPCC reports.' 

Large climate-group and environment managers often join the 
conversation, suggesting that they agree with strong goals and 
urgent action, but they are worried that if they promote them, their 
lobbying wouldn't be taken seriously: 'It is more important to agree 
and campaign on targets that are heading in the right direction, 
than that we have discussions about what the targets should be. It is 
always possible to go further, or call for more, later on.' 

The consequence is that even those politicians who are climate 
friendly feel constrained: 'I can't go further than the environment 
movement. I'd look extreme if I did.' And: 'I know our party's 
position will have to be strengthened because the science has 
changed, but that can't happen until after the next election. Our 
policy is now set. I wish we could go further, but some people are 
worried that I will look too extreme in the electorate.' 

Deep inside public administration, where climate policy is 
processed, there is an avoidance of the political: 'Although our 
climate-science manager agrees with your targets ... she has to stick 
to using scientists, not lobbyists, and science, not policy. She needs 
to be persuaded that setting targets and trajectories is 
fundamentally a climate-science issue, not a political one. If, on the 
other hand, we can find a scientist to make the case for real targets 



that you have made, this would help a lot, but the scientists say that 
target-setting is political, and outside their terrain.' 

Businesses, meanwhile, remain constrained by their commercial 
interests: 'You might well be right that 60 per cent by 2050 is not 
enough, but the people I talk to wouldn't believe anything tougher. 
Our business is one of the good ones — we know that this is a big 
problem, but if we are going to engage the wider business 
community, we can only go so far.' 

It seems that everyone is waiting for someone else to break the 
cycle. But how can this be done? Part of the problem seems to be 
fear: those who might become the first to move to a tougher 
position are worried about becoming isolated or losing credibility. 
This could be overcome if a broad range of players agreed to move 
together. Another approach would be to start with the question, 
'What do we need to do to achieve a safe-climate future?' rather 
than, 'How far should we move from our existing position?' To the 
best of our knowledge, no advocacy group, government, or political 
party in the United Kingdom, the United States, or Australia has 
ever asked scientific researchers to prepare a safe-climate scenario, 
or a 'what if ' plan. Such a plan would allow various climate advocacy 
activists and lobbyists to get a tangible feel for what needs to be 
done, before having to commit to a specific plan, or advocating 
challenging new goals for action. Once safe-climate scenarios have 
been developed and supported by a range of the leading 
climate-policy players, they can be taken to a wider audience for 
discussion. In this way, we can overcome the 'credibility' blockage. 
Without a doubt, people and organisations that are sufficiently 
confident in their views to raise difficult questions can more easily 
explore the 
'what i f '  strategy. 



Reticence on the part of advocates to push for serious action also 
stems from the pervasive view in politics that everything is subject 
to compromise, and that trade-offs are the norm: argue less for what 
you really want than for what seems 'reasonable' in the 
give-and-take of normal political society. And when some brash 
advocates do argue for what really needs to be done, it is simply 
assumed that they are making an ambit claim: an initial demand put 
forward in the expectation that the negotiations will prompt a lesser 
counteroffer and will end in compromise. 

While this mindset is widespread, there are domains from which 
it has been banished. When it comes to public safety, society knows 
that compromise and negotiable trade-offs must not apply: bridges, 
buildings, planes, large machines, and the like must be built to 
risk-averse, high standards, which are applied rigorously. If 
standards are not met and structures fail, corporations, 
governments, and regulatory bodies are held to account. We have 
learned from trial and error that a 'no major trade-off ' policy in 
public safety is necessary to avoid death or injury to our citizens. 

With global warming, however, we do not have the luxury of 
learning by trial and error. We have left the climate problem 
unattended for so long that we now have just one chance to get 
things right by applying a 'no major trade-off ' approach without a 
trial run. It will be a particular challenge for decision-makers who 
have grown up in a political culture of compromise. 

Because the last emergency mobilisation on this scale was during 
World War II, few people today have any direct experience of a 
situation like this; however, there is plenty of history from which to 
learn, and expertise available, to plan for such a scenario. 

Because time is short, we need a 'no major trade-offs' rebuilding 
of the economy, and we need to quickly develop the skills and 



know-how to implement similar, broad-scale decisionmaking about 
climate change. Continuing to use negotiation and management 
methods that routinely result in major compromise and failure will 
not help. 

Past government inaction has also habituated an acceptance of 
lowered expectations, which has continued to hinder serious climate 
action. An Australian non-government organisation (NGO) staff 
member, reflecting on her experiences, said that it has become 
increasingly clear to her how constrained the environmental 
organisations are: 'It's a legacy ... they've all come to expect so little 
environmental responsibility from government, so they don't ask for 
much in the hope of a small gain. [It's] a very unfortunate situation.' 

Timidity, constraint, and incrementalism have, generally, 
characterised recent federal and state government approaches to 
environment issues in Australia, and the consequence is that low 
expectations have become embedded in the relationship between 
lobbyists and government. When opportunity knocks, or changing 
evidence demands urgent and new responses, imaginative and bold 
leadership does not always emerge with solutions that fully face up 
to the challenge. When, in late 2007, evidence emerged of 
accelerated climate change, it appeared to have little impact on the 
climate targets advocated by most of the peak green organisations, 
which said that their position was 'locked in' till after the election. 

Ken Ward, an environmental and communications strategist and 
former deputy executive director of Greenpeace in the United States, 
believes that the people who lead environmental foundations and 
organisations can play a critical part in reconstructing the issue as a 
climate and sustainability emergency — one that takes us beyond 
the politics of failure-inducing compromise. 



With the rapid loss of the Arctic summer ice cover, a climate 
catastrophe is now in full swing; but Ward says that the opportunity 
for these leaders to adjust their position is narrow, and this is due, 
in some part, to the deliberate decision, a decade ago, by 
environment organisations to downplay climate-change risk. He 
says: 

 
[They did so] in the interests of presenting a sober, 
optimistic image to potential donors, maintaining access to 
decision-makers, and operating within the constraints of 
private foundations, which has blown back on us. By 
emphasizing specific solutions and avoiding definitions 
that might appear alarmist, we inadvertently fed a 
dumbed-down, Readers Digest version of climate change to 
our staff and environmentalist core. Now, as we scramble to 
keep up with climate scientists, we discover that we have 
paid a hefty price. 
 

For those who have, in the past, downplayed the risks, changing 
position is now a matter of urgency, because what now needs doing 
cannot be done incrementally. The desperate measures required to 
advance a functional climate-change solution at this late date, says 
Ward, 'can only be conceived and advanced by individuals who 
accept climate change realities and [who] take the less than io-year 
time-frame seriously'. He believes that we need to confront the 
terror of the situation before we can come to a real solution. 'We are 
not acting like people and organisations who genuinely believe that 
the world is at risk. Therefore, we cannot take the measures 
required, nor can we be effective leaders.'
  



CHAPTER 18 
The Gap Between Knowing and Not-Knowing 

Why are many powerful organisations, and people in positions of 
power, so un-terrified, so unwilling to recognise, or advocate, the 
extent of action now required? The closer decision-makers get to 
the apex of political and bureaucratic power, the greater the public 
denial of the need to act at full scale and at great speed. 

Much of this incapacity is simply a result of the way power is 
exercised in societies in which a corporate agenda is the default 
mode. In the most extreme cases, governments have glued 
themselves to the fossil-fuel lobby and done almost nothing, even as 
other significant sectors of business have demanded more action on 
climate. In his 2007 book, High and Dry, former government staffer 
Guy Pearce documented the influence of the Australian coal 
industry and the way that big polluters and their lobbyists wrote the 
Howard government's climate policies to ensure that there was no 
real plan to reduce emissions. 

In politics, 'plausible deniability' has become an art form — a 
process which ensures that there is no evidence to be found that a 
person knew, or could have been expected to know, something that 
may come back to haunt them. A corollary is the pressure for 
advisors, consultants, and administrative departments to tell a 
minister or senior official only what they want to hear, or to tell 
them only the minimum necessary to make a pragmatic decision in 
the short term. 

How many environment or climate ministers in national 
governments would be able to give an informed and reasonable 
answer if they were asked to explain the policy relevance of the 



impending rapid loss of the Arctic sea-ice and its effects on 
Greenland and sea-level rises? 

It is as though people half-recognise the problem, and then deny 
it if the necessary solutions are beyond their professional 
boundaries or their perception of'reasonableness'. 

Political leaders now accept that climate change is a problem, and 
now eagerly embrace small-scale schemes such as changing light 
globes. Taking the drastic action necessary to turn climate change 
around, though, is too far outside their political ambit to even 
consider. Policy analyst George Monbiot noted this limitation: 
'When you warn people about the dangers of climate change, they 
call you a saint. When you explain what needs to be done to stop it, 
they call you a communist ... everyone is watching and waiting for 
everyone else to move.' 

Psychological denial is the process of refusing to acknowledge the 
existence, or severity, of unpleasant events or thoughts and feelings: 
the person keeps on acting as if the event has not occurred. 
Generally, it is associated with an event or thought whose memory 
is stressful, so that denial, as a defence mechanism, seems like a 
good practical strategy; the more dramatic the event, the stronger 
the denial. 

Stanley Cohen, a sociologist at the London School of Economics, 
has pointed to the paradox of denial: to deny something, you first 
have to recognise its existence to some degree, so denial is a state 
of'knowing and not-knowing'. It can take a number of forms, 
including outright denial; seeking scapegoats (blaming China, for 
example); shutting out or suppressing information (so the story is 
only half-recognised); denying responsibility ('Nothing we can do in 
this country will make any real difference.'); denying personal power 



('No one else did anything, so I didn't either.'); and projecting 
anxiety (displacing fears onto other issues). 

Max Bazerman of Harvard University has asked why societies fail 
to implement wise strategies to prevent 'predictable surprises' — a 
term he coins to describe events that catch organisations and 
nations off-guard, despite necessary information being available to 
anticipate the event. Think of 9/11, or the failure of American 
strategy in Iraq. Or climate change. 

Bazerman identifies five psychological patterns that help to 
explain the failure to act on climate:  

[P]ositive illusions lead us to conclude that a problem 
doesn't exist or is not severe enough to merit action ... we 
interpret events in an egocentric, or self-serving, manner ... 
we overly discount the future, despite our contentions that 
we want to leave the world in good condition for future 
generations ... we try desperately to maintain the status quo 
and refuse to accept any harm, even when the harm would 
bring about a greater good [and] we don't want to invest in 
preventing a problem that we have not personally 
experienced or witnessed through vivid data.  
 

Bazerman suggests that many political leaders will not want to act 
until great, demonstrable harm has already occurred. 

He also identifies organisational and political explanations for the 
failure to act on climate: organisational divisions that fail to 
integrate data, responsibility, and responses; the corrupting power 
of powerful lobbyists and political donations; and deliberate 
campaigns to confuse people about the evidence — a tactic long- 
employed by the tobacco and fossil-fuel industries. 



George Marshall, founder of climatedenial.org, says that denial 
cannot simply be countered with information, because denial is, as 
Cohen described it, a normal state of affairs for people in an 
information-saturated society. He also says that the lack of visible 
public response is part of a self-justifying loop that creates a passive- 
bystander effect: 

[People often won't] spontaneously take action themselves 
unless they receive social support and the validation of 
others. Governments in turn will continue to procrastinate 
until sufficient numbers of people demand a response. To 
avert further climate change will require a degree of social 
consensus and collective determination normally only seen 
in war time, and that will require mobilisation across all 
classes and sectors of society. 
 

A paradigm shift is also required. We settle into ways of thinking 
and working that get the job done 'well enough'. As new ideas and 
changing circumstances challenge our mental model of the world, 
we may either adapt and change, or stick with what we know and 
slowly drift away from understanding the world. Even when global 
warming challenges conventional ways of working, a group of 
people working together with similar, unrevised mental models will 
often be able to maintain a degree of social competence and operate 
effectively with each other. This can be the case even though their 
collective behaviour no longer fits so well with the conditions of the 
physical world. Their other, more adaptive, option is to critically 
re-understand a changing environment, and start to shape and 
share a new social worldview. 

The eminent physicist Max Planck famously observed that 'a new 
scientific truth does not triumph by convincing its opponents and 



making them see the light, but rather because its opponents 
eventually die, and a new generation grows up that is familiar with 
it'. With climate change, however, we don't have the option of 
waiting this long. 

The complexity and seriousness of climate and sustainability 
problems makes our current political world of trade-offs, 
compromises, and decision-making obsolete, along with most of our 
experience about how to act effectively. This is an extraordinary 
challenge, because our accumulated skills in the art of compromise 
become less useful. Perhaps the best way through is to adopt, 
whatever one's age, a youthful willingness to live with uncertainty 
and to view the prevention of climate catastrophe as an invigorating 
process of innovation, learning, and imagination. 

Some of the ways that we currently make decisions and plan for 
the future will also pose big challenges, when our aim is a 
safe-climate future. An example is how we think about safety itself. 
Our society has built administrative structures for safety at the 
micro level — for example, in building design and construction, and 
in the design and manufacture of aircraft and other vehicles — but 
no such structures exist for ensuring the safe 'design and 
development' of the economy, or of our use of resources as a whole. 
Rather than spending money to test actions in advance, we have 
considered it more efficient to wait until there are clear signs of a 
real problem before we take preventive or remedial action. The 
consequences of this approach are manifest in today's sustainability 
and climate crises: we fish till the fish run out, irrigate till the rivers 
run dry, and burn coal till the weather turns hot. 

Paradoxically, the more that a society is committed to innovation 
and to increasing economic output, the more it needs effective 
processes to ensure sustainability; otherwise, the economy just 



becomes a machine for testing what we can endure, and we discover 
what we can't endure only when it is too late to prevent disaster. 
Our discussion has been confined to proposing some of the 
structural and social reasons that people and organisations 
simultaneously 'know' about the global-warming challenge, but 
'don't know' about the speed and depth of action required. This 
incapacity may be manifested in what we have termed 'blocking': in 
beliefs that stand in the way of developing necessary solutions. Here 
are six sets of 'blocking' responses that we have encountered while 
engaging with people about the sustainability emergency. 

The first set that we have often experienced in response to our 
emergency proposition includes claims that there is no point in 
taking action, because the climate situation is already a lost cause. 
Claims include: it's too late, the changes can't be made fast enough, 
people are too selfish and won't put the needs of others ahead of 
their own needs, or vested interest will block the necessary action. 
Other variations include the view that it's hopeless, because our 
efforts are a drop in the bucket or are insignificant; that people 
won't change their lifestyles; that governments won't do what is 
needed; and that people won't accept the government telling them 
what to do. Finally, there is the view that to succeed we must have 
action from China, India, Russia, and the US — and since they won't 
change, we shouldn't either. 

These are absolutist arguments: they assume knowledge that 
nobody can have until after the event. We cannot know whether a 
mode of action will fail until it is tested, but these propositions, all 
based on the theme that trying is a lost cause, cut off all possible 
avenues of success on the basis of vague assumptions rather than 
detailed knowledge. In fact, recent international examples give the 
lie to this approach. We reacted quickly and we weren't selfish when 



the tsunami hit Asia in 2006, or when Burma and China were 
devastated in May 2008. Why is dealing with climate change more 
of a 'lost cause'? 

The fact is that even vested interests have to operate on the same 
planet as the rest of us, and vested interests still have children, 
partners, lovers, friends, and grandchildren. All countries and all 
people will have reason to act, because climate change will damage 
them, as well as everyone else. India and China, for example, will 
suffer from rising sea levels; and the loss of the Himalayan glaciers 
will be highly disruptive to water supply, through the large rivers 
that support much of the agriculture in both countries. There is 
evidence, in other words, to dismantle the credibility of each of 
these assertions. 

A second set of 'not-knowing' responses has been heard many 
times from leaders of organisations. These include their argument 
that they can't advocate a comprehensive safe-climate policy 
because they would lose credibility if they were to 'go out on a limb', 
or they would not be 'taken seriously' and would, thereby, become 
ineffective; or that they are 'too busy' to take action on the issue. 
One Australian nongovernment environmental organisation 
recently pioneered a useful way out of this dead end by adopting a 
two-strand approach. In its public advocacy, it aims for goals and 
targets that would result in a safe climate as fast as possible. When 
dealing with governments, though, or other bodies which have 
demonstrated that they can't yet relate to the safe-climate approach, 
the organisation will push these institutions as far as they will go. 
Both strands are acknowledged publicly, and explained. The 
ultimate objective, with regard to government, is to help them get 
to a safe-climate goal, too. 



In any case, the cost of being forthright is falling. The world's 
accelerating slide into demonstrably dangerous climate change is 
now creating new, more favourable dynamics for advocacy and 
leadership. These days, if one takes a stand that is well based on 
climate science but which is currently seen as 'extreme', it will be 
only months, or a year or two at most, before consequences from the 
real world will show it to be reasonable and necessary. So we can 
expect that the uncomfortable feeling of being too far ahead of the 
pack will pass, before too long. 

A third form of blocking centres around the proposition that, 
until we have complete certainty, we shouldn't act pre-emptively. 
But when time is running short, and the stakes are high, we simply 
have to take a risk-management approach and decide to act, despite 
the uncertainty. 

A fourth set of blocking responses is to claim that we can't follow 
the emergency strategy until other people, or organisations, change 
their position. But other people and organisations are already 
changing their positions — as witnessed by the increasingly alarmed 
comments of public figures around the world. 

A fifth set of responses revolves around the proposition that a 
solution to global warming is possible, but only after an 
unacceptable prior step — in other words, that without change in 
other significant parts of the system, the level of action required is 
impossible. Yet there are many examples, including countries going 
into war, or responding to large natural disasters, which 
demonstrate that most political systems can switch to an emergency 
mode when they perceive an urgent need to do so. Variations on 
this theme include sentiments such as, 'We'd need a huge disaster to 
happen before people would act', and 'We can't tell the whole truth: 
we mustn't disempower people.' 



Rescuing the planet and getting back to a safe climate will require 
a huge deployment of physical and economic resources; so, for the 
duration, keeping jobs and the economy going should not be a 
problem. And we do not have to wait for a catastrophe — people in 
many parts of the world are already facing climate disaster. The 
issue is not whether people have the capacity to engage in powerful 
acts of the imagination, or foresight, but whether they will apply this 
capacity in the short amount of time left. Waiting for a climate 
disaster big enough to motivate action beyond the conventional 
mode is very dangerous, because by then it may be too late to 
prevent catastrophic events. 

A sixth type of obstacle is the view that a full solution is not 
possible, so we just have to live with partial failure and partial 
success. To this end, we've effectively been told: 'The perfect is the 
enemy of the good — your ideal 'safe-climate' strategy will not only 
fail but, if it is pursued as the main strategy, it will also block a less 
desirable, but feasible, outcome.' We are not aware of any credible 
evidence that a full solution is not possible, or that an attempt to 
achieve a full solution will make a partial solution impossible. 
The evidence suggests that the Earth is very close to a period of 
run-on warming, at which point any partial solution will, fairly 
rapidly, deteriorate into a much worse state; so, going for the 
apparently harder safe-climate target now, rather than later, looks 
like the only practical option. 

All these forms of blocking lead to society accepting inaction, or 
insufficient action, as a solution to the problem. The alternative — 
to imagine, and plan for, a great transformation of our society in a 
way that is consistent with a safe-climate future — may be 
unsettling and challenging. It will require us to change the way we 
live and how we understand the relationship between our actions 



and our future on this fragile planet. But it is the only practical 
option.
  



CHAPTER 19 
Making Effective Decisions 

In seeking to overcome the advocacy dilemma — the gap between 
what is reasonable to propose and what needs to be done — four 
approaches stand out that are relevant not just to policymakers and 
lobbyists, but to all of us when thinking about, talking about, and 
taking action to have the climate crisis recognised as an emergency. 

Pursuing double practicality 

The actions that are proposed must be capable of being 
implemented and, when fully implemented, of fully solving the 
problem. For example, a 3-degree cap may be achievable logistically, 
but it will not solve the problem of climate safety; rather, it is very 
likely to result in global warming that is catastrophic and that would 
escalate beyond our capacity to control or reverse it. 

If the world's political leaders work toward a goal that cannot 
deliver a safe climate, we face a serious environmental disaster. 
Investments made in good faith in new industrial, urban, and rural 
systems would also have to be abandoned partway through their 
economic life, to be replaced by another set of investments made at 
a time when the environment will be breaking down and the 
economy will, consequently, be in decline. At such a late stage, the 
second round of investment could well fail to rescue the situation. 
The 3-degree cap clearly fails the test of 'double practicality'. 

Let's take another example: the idea that we should retrofit 
coal-fired power stations to run on gasefied goal as a long-term 
strategy to lower emissions. If a necessary goal for a safe climate is 
also the complete decarbonisation of electricity generation, this 
does not fully solve the problem, because it involves building new, 



large-scale infrastructure that will continue to emit carbon for its 
investment life. Similarly, proposing to replace gas hot water with 
gas-boosted solar hot water is not a full solution: greenhouse-gas 
emissions will still occur when the sun's energy is not enough to 
keep the water hot and the gas kicks in (on cloudy days, for 
example). A doubly practical alternative when replacing 
conventional hot-water systems would be to install a solar unit 
boosted by electricity from renewable sources. 

At a broader level we recognise that, with today's high levels of 
technical innovation and economic growth, any problem that 
remains partly unsolved will simply be amplified as the economy 
grows. So the more committed a society is to economic 
development, the more it must be committed to fully solving 
environmental problems in an anticipatory way. 

Facing brutal facts 

Problems cannot be solved completely if they are not understood 
completely. When a problem has trivial consequences, a 
misunderstanding will not matter. But a problem like climate 
change, which has life-and-death implications, must be understood 
fully, unobscured by wishful thinking. Winston Churchill, the 
British prime minister during World War II, understood this. He 
knew that his strong and charismatic style of leadership might 
inhibit people from telling him the truth about the progress of the 
war, so he set up an independent agency, the Statistical Office, to 
feed him the brutal truth in a constantly updated and completely 
unfiltered form. Equipped with an unshakeable goal, and a stark 
understanding of exactly how grim the situation was from moment 
to moment, Churchill rejected all wishful thinking: 'I ... had no need 
for cheering dreams,' he wrote.'Facts are better than dreams.' 



The purpose of facing the facts is not to wallow in anguish, but to 
inform the creative process so that we can come up with solutions 
that have the maximum chance of solving the problems, no matter 
how bad they are. The worse a problem is, the more vitally 
important it is to know its real nature. 

Moreover, we should face all the facts even if we don't, at the start, 
have all the answers. We do not need a final plan to justify urgent 
climate action, any more than we would expect a rescue team to 
have a finalised plan, or a guarantee of success, before they 
considered attempting a rescue. 

Management researcher Jim Collins found companies that 
survived enormous challenges and continued to thrive were, 
without exception, the ones that not only had the knack for facing 
the reality of their situation, but were also driven by an enormously 
strong will to survive. This led them to develop creative solutions 
that were equal to the problems. 

Collins drew lessons from the experience of Admiral Jim 
Stockdale, the highest-ranking US military officer in the 'Hanoi 
Hilton' prisoner-of- war camp during the height of the Vietnam War. 
Observing his own strategies for survival, and those of his fellow 
prisoners, Stockdale concluded that 'you must never confuse faith 
that you will prevail in the end — which you can never afford to lose 
— with the discipline to confront the most brutal facts of your 
current reality, whatever they might be'. 

This approach combines strategic optimism with tactical 
pessimism. There is a dogged determination to work for a positive 
outcome, coupled with an assumption that any number of things 
can go wrong, unless they are actively prevented. Collins asks: 

How do you motivate people with brutal facts? Doesn't 
motivation flow chiefly from a compelling vision? The 



answer, surprisingly, is, 'No.' Not because vision is 
unimportant, but because expending energy trying to 
motivate people is largely a waste of time ... If you have the 
right people on the bus, they will be self-motivated. The 
real question then becomes: How do you manage in such a 
way as not to de-motivate people? And one of the single 
most de-motivating actions you can take is to hold out false 
hopes, soon to be swept away by events ... Yes, leadership is 
about vision. But leadership is equally about creating a 
climate where the truth is heard and the brutal facts 
confronted. 

 
Collins' finding is central to climate-policy advocacy: one of the 

single most de-motivating actions you can take is to hold out false 
hopes, soon to be swept away by events. 

To leave people who are facing a serious situation uninformed — 
when there is a possibility that preventive, or even adaptive, action 
could be taken — is to leave them living in a fool's paradise. If we do 
not allow people in on the secret that climate change, if left 
uncorrected, is going to have disastrous impacts, we get caught in a 
democratic trap. If political leaders keep problems quiet, they 
cannot put forward effective policies to solve them. It is doubly 
impossible for the bigger political parties to provide effective 
leadership if many scientists, the main sources of objective 
information, do not emphasise the full range of possibilities, and if 
environmental and climate lobbyists propose policies that cannot 
solve the climate problem. 

Fortunately, the digital age has helped counter these tendencies 
by enabling citizens to educate themselves about climate change 



with a wide array of online resources including dedicated reporting 
by newspapers and magazines, scholarly papers, videos, and blogs. 

Failure is not an option 

When Apollo 13 mission-control flight director Gene Krantz insisted 
to his ground staff that 'failure is not an option', the meaning was 
unambiguous: get the imperilled crew home alive, solve every 
problem faced by the astronauts, and never give up on any 
life-threatening issue, even when they encountered a dead end. The 
more difficult a problem, the more effort and creativity needed to be 
applied, with every conceivable possibility explored until a 
breakthrough was achieved. 

In the case of global warming, the mantra of 'failure is not an 
option' relates to a broader goal — achieving a safe climate to 
protect all people, all species, and all generations. Still, the approach 
is the same. No matter how difficult the problems, society must find 
a way back to a safe climate. The UK Government's 2006 Stern 
Review established a powerful justification for this approach when it 
found that the threat from climate change would become so large 
that no matter how much it might take to solve the problem, the 
cost of not controlling it was going to be worse. 

Ultimately, this is a moral issue, because the fate of most people, 
and most plant and animal species, hangs in the balance 
—determined by whether we can devise and implement a path to a 
safe climate. We have to find a way to enable the economy to be 
physically transformed, in the shortest time possible, to safely bring 
our greenhouse-gas emissions down to zero, to strip excess carbon 
dioxide from the atmosphere, and to take measures to cool the 
Earth directly, until a sufficient natural cooling is established. There 



is no other option that holds out realistic hope of achieving a safe 
climate. 

Putting the science first 
In the case of climate change, facing the facts with brutal honesty 
requires us to put the science first — which means fully facing up to 
the ecological impacts of our actions. 

Currently, climate policy has been framed as the task of solving 
the impasse between 'the science' and what is 'politically possible' 
(which means: what is economically acceptable to governments 
around the world, who are largely captured by corporate and 
bureaucratic interests). 

The mantra of the former Australian prime minister John Howard 
was that he would do nothing on climate change that would 'harm 
the economy', and that it was 'crazy and irresponsible . . .to commit 
to a target when you don't know the [economic] impact'. He seemed 
not to understand that a failure to act would cook the planet. Asked 
about the impact of rising temperatures, Howard told an ABC 
interviewer that an increase of 4-6 degrees would be 'less 
comfortable for some than it is now'. This was a remarkable way of 
talking about catastrophic climate change. We have a clear 
responsibility to make politicians put the science first, in the process 
of framing goals to achieve a safe climate. 

Compounding the reticence to take action now is our faith that 
technology will be able to solve all our problems, including global 
warming. Post-enlightenment delight at the progress and capacity of 
technology has produced a cultural impediment to climate action: a 
technological overoptimism, or determinism, that clouds our 
understanding that human behaviour needs to change, too. 



Thinking beyond 'business as usual' 

One of the things that makes 'business as usual' such a powerful 
mode of operation is the widely shared assumption that things will 
go on as they always have. However, given that history has seen 
many crises — including past climate change, wars and conflict, and 
the need to build and rebuild economies and societies — it is 
obvious that things don't always stay the same and that, indeed, we 
are capable of breaking out of our usual practices when we need to. 

When our society has responded effectively to great threats and 
crises in the past, it has put aside the partial measures and limited 
possibilities of 'business as usual' and confronted enormous 
challenges with brutal honesty, finding feasible solutions and 
pursuing them with single-minded determination. Our 
preparedness to do so again, when we are confronted with the 
greatest threat in human history, will determine our success or 
failure.
  



CHAPTER 20 
The 'New Business-As-Usual' 

There's a new colour in fashion: warm-climate green. Pastel in tone 
and hard to miss, you'll find it in newspapers, on television and, 
especially, in lifestyle magazines, from fashion and travel, to house 
and garden. 

From corporate responsibility to bottled water, climate-friendly 
images and products reassure us that it is okay to consume as never 
before. They invite us to feel good at 'carbon neutral' entertainment 
spectaculars, and to love the celebrities who offset their private jet 
travel. They invite us to build, drive, buy, fly, shop, eat, drink, and 
wear sustainability. They assure us that we need new, 
climate-friendly green things to replace the not-so-green things we 
have already. But their message is a double-edged fraud: consume 
even more, and save the planet. 

Some of the green-marketing claims are true, within narrow 
boundaries, but many are not, and only a few paint the big picture 
of a sustainable path to a climate-safe future. The message is that we 
can proceed without inconvenience; this is the lifestyle face of the 
'new business-as-usual' — an attempt to deal with the immediate 
pressures of the sustainability crisis in a way that minimises the 
changes in business models and power relations, at the expense of 
really solving the problems. 

There has been a host of products, services, and market 
mechanisms developed in response to global warming, but they are 
not all necessarily about helping create a safe climate. These include 
'clean' coal, current-generation biofuels, voluntary carbon offsets, 
and two arrangements under the Kyoto Protocol: carbon trading, 
and the Clean Development Mechanism. 



'Clean' coal 

Carbon capture and storage (CCS) is a technique used to remove 
carbon dioxide from industrial pollution — especially from power 
stations — and to compress, transport, and permanently store it in 
secure underground structures, such as expired gas and oil fields, 
and other geological formations. Spending government money on 
CCS development is the 'new business-as-usual' mainstay of coal 
miners, power generators, and the politicians who defend them. But 
CCS holds out a false promise. At the scale required, CCS is 
experimental, unproven technology. Further, if it did work, the 
majority of CCS deployment would not occur until the second half 
of this century, according to the 2005 IPCC Special Report on Carbon 
Dioxide Capture and Storage. The Australian Labor government's 
CCS initiative, announced on 25 February 2007, when it was in 
opposition, envisages the technology only 'entering the grid' by 2030, 
a timeline that takes it off the table as a near-term 
emissions-reduction option. It will simply be too late: urgent 
emission cuts are essential now. If nations in the Asia-Pacific were 
to adopt a climate-change strategy based on CCS technology, by 
2050 emissions would still rise by more than 70 per cent. 

While an extensive 2007 study from the Massachusetts Institute 
of Technology expresses confidence that large-scale CCS projects 
can be operated safely, it worries that 'no carbon dioxide storage 
project that is currently operating has the necessary modeling, 
monitoring, and verification capability to resolve outstanding 
technical issues, at scale' — in other words, it is not possible to 
know at this stage if the whole technology-package works. Proposed 
new plants in Canada and the USA have been scrapped before 
construction started, largely because they were not cost effective. As 



a new and complex technology, CCS, like nuclear energy before it, 
seems destined to be dogged by cost overruns, unforeseen problems, 
and delays. The biggest concern is that emissions stored 
underground could slowly leak over time, deferring today's problem 
to create a monster greenhouse headache in the future. 

CCS is inconsistent with a zero-emissions goal because the 
technology is likely to capture only a portion of greenhouse 
pollutants, and is energy intensive. It would be possible to capture 
80-90 per cent of the carbon dioxide from a coal-fired power station, 
but only if newly constructed stations were to burn 11-40 per cent 
more coal to produce the same output. The energy cost would be 
higher for retrofitted power stations, which have lower CCS 
efficiencies. 

The IPCC finds that CCS would double the cost of electricity 
where storage sites are distant from power stations.  This would 
increase the cost of coal-fired power with CCS to more than that of 
many renewable- energy sources, especially as technology 
improvements and increasing economies of scale are predicted to 
halve the cost of renewable electricity generation over the next two 
decades. Capture expert Greg Duffy told a 2006 Australian 
parliamentary inquiry that CCS would double the cost of base-load 
electricity generation, and reduce the output from a power station 
by about 30 per cent. Lincoln Paterson of the CSIRO told the same 
inquiry that beyond 100 kilometres, the transport costs may become 
'prohibitively expensive'. 

A year earlier, a report from five CSIRO energy technology 
researchers predicted that in five to seven years the cost of 
electricity from concentrated solar-thermal plants would be 
competitive with coal-fired generation (without CCS). True to the 
'new business as usual' approach, the report was suppressed by the 



federal government, while hundreds of millions of dollars were 
allocated for 'clean coal' research. As a result, solar-thermal 
expertise was driven overseas. 

The term 'clean coal' — or, we should say, 'less dirty coal' — also 
refers to new coal-fired power stations that use Integrated 
Gasification Combined Cycle (IGCC) technology, a process that first 
produces a gas from the coal. These plants still emit large amounts 
of carbon dioxide that would need to be sequestered, their building 
costs are up to three times that of the most efficient gas-fired 
installations, and they are more expensive to run than conventional 
coal plants. 

 
Current-generation biofuels 

Biofuels (ethanol, methanol, and biodiesel) are manufactured from 
biomass (plant or other biological material) such as crops, or crop 
and forestry waste, and are considered, by some, to be a sustainable 
fuel source, because their emissions are part of the carbon cycle. 
Plants and trees draw down atmospheric carbon through photosyn-
thesis, and the biomass is converted to biofuels, which emit carbon 
into the air when they combust. This carbon is drawn down again in 
the next fuel-production cycle. 

But current biofuels are manufactured largely from food crops, 
including maize and soy beans, and from palm oil plantations that 
are grown in place of rainforests, and this creates its own set of 
problems. Resolving a multi-faceted sustainability crisis requires an 
assessment of the life-cycle impact of each proposed solution. This 
is a test that current-generation biofuels fail. 

When the biofuel is derived from broad-acre crops that require 
nitrogen-emitting fertilisers, such as maize and rapeseed oil, the 



total energy input can be greater than the output, and the carbon 
emissions are up to 70 per cent higher than if a car used petrol. In 
some cases, the biofuel is also not an equal replacement: ethanol 
burns less efficiently than petrol, for example. The end result is that 
switching from biofuels back to petrol would produce less global 
warming; nonetheless, petrol is heavily taxed, while biofuels in 
many countries are subsidised or taxed at lower rates. 

Using crops for biofuels often means converting food sources into 
energy sources. This transition has seen world food prices double in 
the five years to 2007, so that under fixed-budget UN food relief 
programs only half as many people will be fed. World wheat prices, 
for example, doubled in 2007, and the UN's global food index 
jumped by more than 40 per cent in a year. US corn farmers, 
encouraged by government subsidies and rising prices, have turned 
their fields to ethanol production while, across the border, hunger 
drove people in Mexico City to riot. As much as 20 per cent of the 
US grain crop has been diverted to biofuel production, but the 
quantity of biofuel produced is a substitute for only 2 per cent of the 
USA's petrol demand. 

What's more, if sufficient land were allocated to biofuels to 
replace current global petrol consumption, there would be no land 
left for food. If plans to turn more arable land to biofuels collide 
with a growing population and demand for food, the result will be 
starvation on a global scale. Swaziland was a case in point: in 2007, 
while 40 per cent of its people faced acute food shortages, the 
Swaziland government exported biofuels made from the staple crop 
cassava. 

Using uncultivated land for biofuels also destroys habitats. John 
Beddington, Britain's chief scientific advisor, says cutting down 
rainforest to produce biofuel crops such as palm oil is 'profoundly 



stupid'. In Indonesia, more than a billion tonnes of carbon is 
pouring into the air each year as thick rainforest is cleared for 
cropping; still, the country plans to expand palm oil production to 
260,000 square kilometres by 2025. 

'The competition for grain between the world's 800 million 
motorists, who want to maintain their mobility, and its two billion 
poorest people, who are simply trying to survive, is emerging as an 
epic issue,' says Lester Brown, of the Washington- based 
Worldwatch Institute, who notes that, in seven of the past eight 
years, the world has grown less grain than it has used, so that the 
world's grain-stock reserve was down to 50 days by the end of 2007. 

In 2007, the UN special rapporteur on the right to food, Jean 
Ziegler, denounced biofuels as 'a crime against humanity' and called 
for a five-year moratorium on their production. If that doesn't occur, 
says policy analyst George Monbiot, 'the superior purchasing power 
of drivers in the rich world means that they will snatch food from 
people's mouths. Run your car on virgin biofuel and other people 
will starve'. 

The quantity of biofuel that can be produced in a sustainable 
manner is also likely to be very small compared to current demand 
for petrol, and its current production is a very narrow response to 
peak oil. 

Can biofuel production ever be sustainable? It depends on the 
source of the biomass, and how and where it is produced. 
Second-generation biofuels made from wood, straw, or waste from 
agricultural cropping will become commercially available. They have 
the capacity to complement sustainable agriculture and forestry 
practices, and to be co-produced with agricultural charcoal to 
sequester carbon. To that extent, biofuels have a future; but not 
when rainforests are destroyed, biodiversity is decreased, food 



production is lost, and small landholders in the developing world 
are forcefully displaced. 

Voluntary carbon offsets 

Carbon offsetting means that emissions from household utilities, 
transport, or commercial activity are balanced by buying a product 
that will reduce emissions elsewhere, or reduce greenhouse-gas 
levels. The carbon-offset product may be an investment in a 
program that will draw down carbon, such as tree planting, or a 
project that will reduce future carbon emissions, such as achieving 
energy efficiency or building renewable-energy capacity. But when 
all sectors of the economy require deep and urgent emission cuts, as 
our current climate emergency demands, we all have to play our 
part, rather than paying someone else to do it. 

As a commercial product, carbon offsetting has a potentially 
dangerous effect on people. A good analogy of this effect is the 
medieval Church practice of selling indulgences to sinners in order 
to lure them to buy absolution. As sinners bought absolution, so 
they were free to sin again — just as buying offsets assuages people's 
guilt about producing carbon emissions. Too often, offsetting is an 
eco-fantasy that justifies a high-carbon personal or corporate 
lifestyle. 

In the competitive commercial world, carbon offsetting also risks 
becoming just a cheap publicity stunt to push the appeal of a new 
album or concert tour. In this form, carbon offsetting encourages 
complacency, displaces real actions, and fosters the illusion that we 
can keep on polluting forever. 

A Financial Times investigation published in April 2007 found 
that companies and individuals rushing to go green 'have been 
spending millions on carbon credit projects that yield few if any 



environmental benefits'. It uncovered widespread failure in the new 
carbon-offset markets, suggesting that some organisations are 
paying for emissions reductions that do not take place, while others 
are making big profits for very small expenditure and, in some cases, 
for clean-ups that they would have made anyway. It also found 
carbon-offset selling services of questionable or no value, and a 
shortage of verification. 

Distorted economic relations across the world can also 
undermine the value of offsets; for example, offsets may be exported 
to developing countries, where costs are lower and the balance is 
pocketed by the carbon-offset entrepreneur. In other cases, offset 
schemes are just not viable: in one example, a British company 
bought treadle water-pumps to replace diesel pumps for Indian 
farmers, in order to reduce local emissions and thus 'offset' 
Westerners' air travel. The reality on the ground is that if a peasant 
farmer treads for two hours a day, it would take at least three years 
to offset the carbon dioxide from one return flight from London to 
India — luxury travel is 'offset' by Indian human energy. 

The best offset schemes give a guaranteed result by investing in 
renewable energy to reduce emissions, and are effective in acting as 
a social-change agent by building infrastructure and by encouraging 
policies that will cut future emissions and are consistent with the 
need for a zero-emissions economy. These are not the cheapest 
schemes. 

Other schemes may be genuine, but misguided. Trees take years 
to sequester carbon after they are planted, so reafforestation offsets 
are doing very little to reduce global warming now, when it really 
counts, and are difficult to verify. Trees don't offset anything if they 
die from changing rainfall patterns or neglect, and in many cases 



the effect of tree planting is only to pay back the carbon debt 
incurred when the land was first cleared. 

And at the cheap end of the offset market are cowboy operators 
whose schemes lack transparency: trees may not be planted, or may 
be counted multiple times, or may be paid for by government grants 
and then resold as offsets. In an industry where there are no widely 
accepted standards or verification procedures, there is no 
accountability for this sort of activity. 

Some travel-offset schemes promoted by airlines greatly 
underestimate the impact of the flight, because they fail to account 
for the fact that emissions at high altitude have almost three times 
the effect than they do at ground level. 

On the other hand, some people who have made a real effort to 
reduce their emissions as far as practicable have found that there is 
still an emissions gap that they want to address, and they have 
found well-designed schemes that will structurally reduce emissions 
production. 

In the end, for carbon offsetting to work, its market needs to be 
strongly regulated to ensure honesty, accountability, and 
verification, with appropriate technologies and schemes that 
encourage behaviour that is consistent with achieving a safe climate. 

Clean Development Mechanism 

Currently, the biggest carbon-offset scheme is the Clean 
Development Mechanism (CDM), which was established by the 
Kyoto Protocol and has been in operation since 2001. Under the 
scheme, wealthy nations that are required to cut emissions under 
Kyoto can get credit by investing in large-scale projects in the 
developing world, where it is generally cheaper to achieve the same 
amount of emissions reduction. Organisations can buy Certified 



Emissions Reductions (carbon credits from these projects) to meet 
their national or regional offset carbon-reduction obligations. In 
theory, emissions-reducing projects in developing nations must be 
verified as being genuinely new activities that would not otherwise 
happen without the funding. 

This scheme was exploited from the start. In March 2007, 
Newsweek reported: 'So far, the real winners in emissions trading 
have been polluting factory owners who can sell menial cuts for 
massive profits and the brokers who pocket fees each time a 
company buys or sells the right to pollute.' An investigation by Nick 
Davies of the 
Guardian found that the CDM had been 'contaminated by gross 
incompetence, rule-breaking and possible fraud by companies in the 
developing world, according to UN paperwork, an unpublished 
expert report and alarming feedback from projects on the ground'. 
In one instance, carbon offsets for a US$5 million incinerator in 
China that was built to burn, rather than emit, hydrofluorocarbon 
gases were sold to European investors for $500 million. 

Half of the offsets certified under the CDM in the initial period 
were for five similar large projects in India, China, and South Korea, 
where over-priced credits were sold for many times the cost of the 
action. In many cases, it was hard to demonstrate that emissions 
would be reduced, or to verify the amount. There was also evidence 
that as many as one-fifth of projects had been wrongly checked, and 
that many projects are blatantly 'non-additional'; that is, they would 
have gone ahead regardless of the CDM, and do not represent real 
additional emissions reductions. 

Instead of stimulating new investment in the best green 
technologies, such as renewable energy, the CDM has mainly 
granted carbon credit to projects that would have been built anyway, 



such as large hydro and wind projects. A December 2007 study of 
the 654 hydro projects at various stages of the CDM approval 
process found blatant and widespread non-additionality. More than 
one-third of the large hydro-electric schemes that had been 
approved for credits were already completed before CDM approval; 
the majority of the projects (89 per cent) were expected to be 
completed within a year following approval; and almost all (96 per 
cent) were expected to be completed within two years. If you 
consider the long lead times for hydro construction, it becomes 
obvious that these projects were going to happen anyway, and that 
the many millions of credits that they generate will merely allow 
industrialised countries to meet their targets without reducing 
emissions. Further studies have confirmed that projects that use 
other technologies, such as wind, also suffer from widespread 
non-additionality. 

Carbon trading 

CDM offsets are one element of the larger carbon market that has 
been set up by the Kyoto Protocol under the United Nations 
umbrella. Carbon trading is another, which is supposed to be an 
enforceable mechanism for reducing emissions. Under carbon 
trading, a total emissions target is set for an industry, or region, and 
is decreased over time. Quantity permits that are equal to the target 
are sold, and emitters must buy permits to match their level of 
pollution. In the name of efficiency, permits are traded. Over time, 
the number of permits is reduced, and their price increases due to 
increasing scarcity. As a result, the incentive to switch to 
low-pollution technology increases. 

Can't go wrong? The carbon-trading market for Europe, known as 
the European Union Emissions Trading Scheme (EUETS), got off to 



a very bad start. The initial permit pool was too large, because of 
business lobbying, and permits were given away as rewards to the 
biggest polluters. These businesses then realised that they had more 
permits than they needed, so they sold them at huge profits. When 
everyone realised what had happened, the price of permits collapsed. 
As the price collapsed, so did the impetus for some viable CDM 
projects. 

As a result of the scheme, some of the biggest polluters earned 
hundreds of millions — much coming from the budget of public 
institutions, including universities and hospitals which had to 
purchase permits — and emission cuts were displaced onto the 
developing world. 

Most current carbon-trading schemes have deep structural flaws: 
permits are given away to the biggest emitters, and pollution is 
transformed into a private property right; the need for deep 
emission reductions in the highest-polluting rich countries is shifted 
to developing nations; targets are inadequate, and verification and 
enforcement often poor; and money and effort is poured into 
trading carbon and finding loopholes, rather than into renewable 
energy. 

Carbon trading also encourages the lowest-cost choice to the 
detriment of other factors: electricity generators may decide that 
switching from coal to gas fits the scheme's criterion, while the 
social imperative would be to invest in renewable-energy capacity to 
develop the technology, build productive capacity, and reduce the 
cost. 

Another structural flaw to carbon trading is that current systems 
don't include shipping and air-travel emissions, which are two of the 
fastest-growing emission sectors. 



It's hard to avoid the impression that many of the passionate 
advocates of carbon trading see it as a way to make a great deal of 
money from the process of trading pollution rights, rather than as a 
means to cutting emissions to zero, so that greenhouse-gas-emitting 
technologies become obsolete. As a September 2006 report from the 
Dag Hammarskjold Foundation concluded, 'With a bit of judicious 
accounting, a company investing in foreign "carbon-saving" projects 
can increase fossil emissions both at home and abroad while 
claiming to make reductions in both locations.' 

So does carbon trading have any role to play? It is not difficult to 
design a system that avoids most of the pitfalls mentioned. It must 
cover all emissions, have a sharp and clearly defined declining cap 
that fits the need for a rapid transition to a safe-climate economy, 
and it must include border protection, to stop responsibilities being 
exported to low-wage countries. Such a system would be better 
called 'cap and auction' rather than 'carbon trading', to emphasise 
its intended purpose. There are also compelling reasons why 'cap 
and auction' schemes should be kept within national borders, 
especially for high-polluting developed nations, so that emissions 
are cut within that economy, rather than the buck being passed to a 
less-developed country. 

Carbon trading has a part to play in our climate emergency, but it 
is not the main game. The emergency requires strong regulation and 
intervention in the market, which cannot respond by itself at the 
depth and speed required. It is also necessary to develop 
coordinated plans to build renewable-energy capacity and to 
improve energy efficiency, along with allied regulations to step 
down the use of coal and gas. 

In the past, rule-based methods for reducing environmentally 
damaging substances, such as lead in petrol, were effective; but 



cutting total carbon emissions is more challenging, because 
fossil-fuel use is ubiquitous. Since the quantities of petrol and 
natural gas, for example, are subject to a declining cap as part of an 
emissions- reduction strategy, how do we allocate the right to their 
use between competing householders and other users? A tax rate 
may work, but it would be chronically inequitable. Rationing would 
be fairer, but a black market would emerge if the trading of rations 
did not have a legal and regulated basis. Carbon trading will occur, 
one way or the other, but it is not the primary strategy to rely on as 
the climate crisis deepens. 

While the 'new business-as-usual' mode is, in many cases, a 
well-intended response to the emerging climate and sustainability 
crisis, it still involves avoiding the deeper nature of the crisis. The 
question then becomes: can we be brutally honest and doubly 
practical, and still get beyond 'business as usual', in either its 
traditional or new form, to build a truly sustainable society? 
  



CHAPTER 21 Climate Solutions 

If you look at many of the actions being taken around the world 
today — such as increasing energy-efficiency, building large-scale 
renewable-energy plants, or moving from private to public transport 
— it is easy to see that many perfectly workable solutions to global 
warming exist now. However, they are not the whole answer. 

Climate solutions must complement solutions to other 
sustainability problems, such as water, food, and peak oil, at the 
same time as cooling the Earth by at least 0.3 degrees, compared to 
the present, as fast as is practically possible. To make this possible, 
three types of action are required. 

The first is to stop adding to the upward pressure of temperatures 
by cutting human greenhouse-gas emissions to as close to zero as 
possible. 

The second is to reduce the amount of carbon dioxide in the 
atmosphere, because even its present level will push temperatures 
higher than they are now, and will trigger positive feedbacks that 
add further warming. This may be achieved by allowing natural 
carbon sinks to draw down excess carbon dioxide from the air, and 
by adding large-scale human processes for capturing and storing 
excess carbon dioxide from the air. As an example, we could grow 
trees and other biomass on a large scale to make agricultural 
charcoal, which can be stored in soils while also adding to fertility. 

The third action is to consider environmentally safe options that 
produce negative forcings, or change the energy imbalance in the 
climate system, to slow the peak rate of warming and bring the 
global cooling forward to the earliest possible time. Examples 
include promoting forest growth (which helps stimulate the 
creation of clouds), and increasing the growth of ocean algae (which 



draws down carbon dioxide and also helps stimulate cloud 
production). Other options that are still being studied to determine 
their environmental and technical suitability include the notion of 
seeding the stratosphere with sulphates to create a reflective layer. 

Stopping additions to heating: cutting emissions to zero 

If you consider the range of sustaining technologies that has been 
created over the last 30 years through human innovation, it is clear 
that the options available for drastically cutting greenhouse-gas 
emissions are not beyond our collective capacity or imagination. 
Zero Carbon Britain, an alternative energy strategy that was released 
in 2007, finds that in 20 years the UK could produce 100 per cent of 
electricity without the use of fossil fuels or nuclear power, while also 
almost tripling electricity supply, and using it to power most heating 
and transport systems. A similar strategy for the United States is 
Carbon-Free and Nuclear-Free: a roadmap for US energy policy, a 
joint project of the Nuclear Policy Research Institute and the 
Institute for Energy and Environmental Research, which was 
published in 2007. 

The failure, so far, to engineer energy use along sustainable paths 
is not a failure of technological or economic capacity, but of political 
and social will. 

There are new, lightweight materials for vehicle construction, and 
household appliances that use a small fraction of the energy of those 
now in use. Carbon-neutral buildings do work, electricity from 
renewable sources is the fastest-growing energy industry, and 
hundreds of millions of people are moved by electric mass-transport 
every day. With high-speed electric rail and advanced telecommu-
nications, we could manage without mass air travel. One study has 
estimated that the savings that would result from using 



telecommunications networks to conserve energy and to increase 
clean-energy use at home, in the workplace, and in the ways we 
connect people to be 5 per cent of total Australian emissions, with 
estimated energy and travel-cost savings of A$6.6 billion per year. 

The key strategies to cut greenhouse-gas emissions to zero are 
resource efficiency, backed up by substituting renewable energy for 
fossil-fuel sources. The integration of these strategies is illustrated 
in two sectors: materials production, and transport. 

Efficiency 

The greatest reduction in greenhouse emissions — and the most 
economically efficient — can be made through comprehensive, 
visionary efficiency programs for energy and other resources. 

Investing in resource efficiency — which cuts the amount of 
materials needed to meet human needs — produces many side 
benefits, such as less ecological damage, less resource depletion, and 
fewer adverse impacts on human health. The greater the level of 
efficiency, the greater the benefit. 

In California, energy-efficiency programs that have been 
implemented over recent decades have held electricity consumption 
per capita, roughly, at a constant, while overall per capita US 
consumption has almost doubled. A McKinsey Quarterly report says 
that a 50 per cent cut in energy use is feasible, using off-the-shelf 
technology. If we knew that the price of energy would double in say, 
five years, we could almost certainly double our efficiency. 

McKinsey & Company's analysis for Australia, 'An Australian Cost 
Curve for Greenhouse Gas Reduction', was released in February 
2008. It found that cutting emissions by 30 per cent by 2020 and 60 
per cent by 2050 is achievable without incurring a major impact on 



consumption patterns or quality of life, and without major 
technological breakthroughs or lifestyle changes (by 'using existing 
approaches and by deploying mature or rapidly developing 
technologies to improve the carbon efficiency of our economy'). It 
estimates that by 2020 about 25 per cent of the total reduction can 
be realised with positive returns (actions that save, rather than cost, 
money): 'Most of these beneficial (or 'negative- cost') opportunities 
are energy-efficiency measures related to improvements in buildings 
and appliances.' Overall, the analysis found that the 2020 target 
could be achieved at an average cost of A$290 per household, 
compared to an estimated increase (by McKinsey) in annual 
household income of more than A$20,000 by 2020. 

Friedrich Schmidt-Bleek founded the Factor Ten Institute to 
provide practical support for achieving significant advances in 
sustainable production, in particular through increases in resource 
productivity throughout the economy. He says that an overall 
energy-efficiency improvement of up to 90 per cent is achievable 
with current commercially available technology. 

The scandal is that sometimes the most energy-efficient domestic 
technologies and appliances are not even available in many 
countries, or businesses and consumers are not aware of their 
availability. On average, a refrigerator in the USA uses double the 
electricity of a refrigerator in Europe, which, in turn, uses four times 
the electricity of the most efficient refrigerator on the market (made 
in Turkey, and currently not even available in Australia). Compared 
to typical refrigeration in use today, leading-edge fridge technology 
with vacuum panel insulation can reduce energy needs by 80-90 per 
cent, can cut typical peak loads by 100 watts per unit, and can avoid 
supply-side investment (in generating capacity) of A$200 per 
household, or A$1.5 billion for Australia as a whole. 



World electricity demand could be cut by 25 per cent just by 
introducing market-leading appliance and lighting efficiency 
standards, while zero-emission homes and commercial buildings are 
now a reality. The UK government has legislated that from 2016 all 
new homes are to be zero emitters for heating and cooling, while 
large eco-towns are already being planned. The French government 
has made a commitment that all new buildings will be net energy 
producers by 2020, and the German government has a 20-year 
program to upgrade the nation's housing stock to meet high 
energy-efficiency standards. 

Renewable energy 

A range of renewable-energy technologies is now available for power 
generation, and University of New South Wales researcher Mark 
Diesendorf says there is no technical reason to stop renewable 
energy from supplying all grid electricity. Is such a technological 
turnaround feasible in a short period of time? Rapid economic 
changes do happen surprisingly often. Between 1986 and 2001 the 
annual production of mobile phones rose from one to 995 million. 
Today, 160 million people in China get hot water from solar water 
heaters. One-third of the world's installed solar-panel capacity is on 
German houses, because of far-sighted government policies. 

In Europe, wind power is widely utilised, and generating costs are 
falling. By 2020, wind is expected to be a competitive 
primary-energy supplier, whether or not there is a price on carbon 
emissions. In Denmark, the government plans to generate 75 per 
cent of national electricity needs through wind power by 2025. By 
2010, Germany will have installed wind-power potential sufficient to 



generate the equivalent of 40 per cent of Australia's current 
electricity needs. 

As the scale of production increases and costs continue to decline, 
solar photovoltaic (PV) energy may become the cheapest source of 
energy in many locations, because it can bypass ageing and fragile 
electricity grids and deliver power directly to the end user, 
fundamentally changing the underlying economics of energy. 
Germany's PV revolution means that more than 400,000 German 
homes have installed solar panels; with the current growth-rate of 
installations, Germany plans to be installing over one million solar 
electric units per year on house rooftops by 2010. As the scale of PV 
increases and innovation continues to reduce panel prices by, 
perhaps, half in the next decade or so, an energy-efficient Australian 
home might be made, essentially, self-sufficient in electricity, for 
only A$io,ooo to A$15,OOO. This is comparable with the current cost 
per house of building generating and power-line electricity supply, 
using large, centralised, coal-fired power stations. 

When the cost of coal-fired electricity increases, because of 
carbon-emissions pricing and trading, the economics of household 
PV installations will improve further. The next generation in solar 
technology, developed in Australia, is the sliver-cell solar cell, which 
is more efficient while using less silicon, which is very expensive. 
This would bring the cost down dramatically and revolutionise the 
uptake of PV solar energy, but its development is currently stymied 
by a lack of research support from the government. 

By far the lowest cost option for solar electricity is solar-thermal 
technology — or concentrating solar thermal power (CSP) — which 
uses the sun's radiation to heat fluids that carry the thermal capacity 
to generators. The best-recognised installations of CSP, to date, are 
in the Californian desert, where extended rows of cylindrical- 



parabolic collectors concentrate the sun's rays towards long, 
fluid-filled pipes. 

The Club of Rome, the global think-tank and centre of innovation 
that produced the agenda-setting report Limits to Growth in 1972, 
has now joined with the Trans-Mediterranean Renewable Energy 
Cooperation to propose a bold new energy scheme for Europe that 
uses CSP. The new proposal is for the fast deployment of CSP 
technology in desert areas of North Africa and the Middle East, and 
to link the European, North African, and Middle Eastern electricity 
markets, using new technology and low-loss transmission grids, 
which will be able to supply 90 per cent of electricity requirements. 
Such 'additional strong and determined emergency measures' are 
now required, they argue, because 'it is now too late to achieve the 
required U-turn with a business- oriented slow transition to low/no 
carbon technologies'. 

The technology is on the cusp of some remarkable scale-up 
breakthroughs, such that it is predicted to be cheaper than coal 
within five years. An area of solar thermal collectors that is 35 
kilometres square in a high-irradiance area would produce enough 
electricity to meet Australia's total power needs. 

There is also great capacity in Australia for generating 
bioelectricity (electricity derived from biomass). A September 2007 
report found that by 2020 bioelectricity could deliver the equivalent 
of 8 per cent of the electricity generated in 2004, with most biomass 
coming from 'wheat stubble, plantation forest waste, sugar 
plantation waste, and oil mallee'. The report explains that these are 
promising sources, from which 'no land is transferred from food 
production to bioenergy production. Indeed, oil mallee can help to 
combat dry-land salinity and hence will make more land available to 
food production'. 



Other renewable technologies — such as geo-thermal energy, and 
wave and tidal power — will all play growing roles in eliminating 
the use of fossil fuels in the economy. Iceland, for example, now 
heats close to 90 per cent of its homes with geothermal energy. 
With economies of scale, continuing innovation, the introduction of 
a reasonable price on carbon emissions, and the impact of climbing 
oil prices, renewable-energy technologies will become the most 
cost-effective means of producing electricity. 

Materials production 

In industry, efficiency programs are reducing greenhouse-gas 
emissions from energy use by as much as 80 per cent, by using 
smart technologies, new processes and materials, co-generation, and 
by relocating production. Increasingly, lower-impact substitutes are 
being produced for materials such as aluminium, cement, and steel, 
which require large energy inputs during production. Alternatives to 
traditional cement and concrete, for example, include geopolymers 
(alumino-silicate products created from clay-like materials); 
magnesium cement; fillers, such as ground-waste glass, instead of 
concrete; the use of lightweight construction techniques; and 
additives that increase strength and allow a lower volume of 
concrete to be used. In both the aluminium and steel industries, 
options include greater use of recycled materials, carbon-fibre 
composites, high-strength alloys, and optimising design to reduce 
the quantity of material required. 

Five broad strategies can be applied to the energy-intensive 
materials sector, especially to metal and cement production. 

The first is to redesign the products and the platforms that deliver 
services, along with their associated supply chains, so that their 



production and use needs less material. Designing products, 
buildings, and infrastructure to use less material depends on a range 
of strategies, such as enabling long life, re-use, and effective 
maintenance and repair, and also 'lightweighting', which is the 
strategy of using the minimum amount of material and weight 
necessary to achieve a structure or purpose. Lighter vehicles, for 
example, use less fuel, lighter buildings need less material to 
support, and lighter products need fewer resources to manufacture, 
and less effort to dispose of them. 

Lightweighting has been employed increasingly since the 1970s oil 
crisis. Previously, a heavy weight was thought to correlate with 
strength, reliability, longevity, and quality; now, a lighter weight is 
thought to correlate with sophistication and quality. 

The second is to recycle materials in an energy and 
materials-efficient way, to recover discarded materials. Nature's 
systems have evolved to achieve extraordinarily high recycling rates. 
For example, carbon recycling in natural systems is more than 99 
per cent. The scale of the human economy is now so huge that the 
same imperatives to recycle exist; for example, the explosive growth 
in the production of mobile phones is leading to a critical shortage 
of the geological reserves of some of the rare minerals used in the 
advanced electronics. Recycling is beginning to look like the only 
way to keep the mobile phone sector viable. Generally, much more 
energy is required to create virgin resources than to create recycled 
resources. To tackle the climate issue, a great deal of physical 
transformation needs to occur — inefficient buildings, cars, 
products, and infrastructure will need to be retrofitted, or replaced, 
in a relatively short period of time. This could involve a large new 
burst of carbon dioxide release, unless old materials are efficiently 
recovered from the scrapped assets and are recycled into new assets. 



The third strategy is to substitute materials that have 
lower-embodied climate impact (where this improves the 
performance of the system as a whole). Substitution can make big 
cuts in greenhouse emissions; for example, by substituting 
geopolymer cement, very high extender-content cement, and 
magnesium-based cement for traditional calcium-based cement, 
which is very energy-intensive to produce, accounting for around 4 
per cent of global carbon dioxide emissions. As another example, in 
areas in which lightweighting is critical, like car manufacture, steel 
can be replaced with carbon fibre from renewable sources. 
'Petroleum' products (a range of chemicals and plastics) made from 
compounds sourced from plants can also be substituted in place of 
fossil-fuel-derived petrochemicals. 

The fourth strategy is to switch energy sources used in the 
production of each particular type of material. Remote-area mining 
and mineral processing operations are beginning to identify 
opportunities to use solar, wind, and geothermal energy. Australia 
faces a strong challenge in the production of aluminium because it 
is one of the few places in the world where the industry is almost 
entirely dependent on electricity from coal-fired power stations. 
Elsewhere it is largely produced using hydro or geothermal power or 
fossil-fuel gas power. As the world shifts away from fossil-fuelled 
energy, all materials will be made using climate-safe energy sources. 

The fifth strategy is to use long-lasting materials as a way of 
sequestering excess carbon from the air. In some situations it is 
possible to sequester some of the excess carbon from the air into 
materials that can be recycled 'endlessly', or into products that have 
very long lives. Carbon dioxide from the air, for example, can be 
trapped through plant growth, and the plant material can be 
processed to make char, which can replace carbon from the coal 



used in steel manufacture. In this way, steel becomes a storehouse 
for excess atmospheric carbon. 

In practical settings, these five strategies are usually combined to 
create the maximum impact. During the transition to a safe-climate 
economy, it will be important to coordinate the changes so that 
perverse results are not produced. Lots of cement and concrete are 
needed during an intense structural-change period, for example, 
and it would be counterproductive if we were to cause 
greenhouse-gas emissions to rise rapidly while we attempted to 
replace inefficient or inappropriate products, buildings, and 
infrastructure according to an accelerated schedule. The potential 
impact could be cut by ensuring that any increments to energy 
supply are from renewable-energy sources, and by preparing to 
switch as early as possible to low-impact sources, or types, of 
cement, concrete, steel, aggregate, and so on. To make sure that the 
transition is as effective as possible, it needs to be planned, and 
modelled to identify opportunities for synergy. 

Transport 

Our aim must be to eliminate all fossils fuels from the transport 
sector. We already have the technology to electrify rail networks, 
which means we could shift freight from roads, and people from 
planes, using renewable energy — a zero-emission form of transport. 
In France, new road construction is being severely curtailed in 
favour of expanded rail travel that uses state-of-the-art fast-train 
technology. Already, this is replacing air travel on many routes, 
because of shorter travel times, reduced check-in security and 
formalities, and the convenient location of stations in city centres. 
The high-speed rail link between London and Paris now takes less 



than 140 minutes. You can end up waiting in an airport for that long 
when you fly. Five years of Australia's major road funding would be 
enough to electrify a basic national rail network for freight. A 
high-speed passenger service would require new infrastructure. 

New car technologies are also enabling fossil-fuel reduction. 
Commercially available hybrid vehicles use about half the petrol of a 
similarly sized car, while plug-in hybrids use a quarter of the petrol. 
New lightweight steel substitutes have created further efficiencies, 
allowing a total reduction of 90 per cent in fuel use. Fully electric 
vehicles are now also available, and their costs will go down with 
increasing scales of production and with further innovation. Honda 
has unveiled a zero-emission fuel-cell vehicle with a top speed of 160 
kilometres per hour and a range of about 430 kilometres. Electrically 
assisted bikes also achieve very impressive environmental 
performance, while a normal bicycle, which requires 99 per cent less 
material and construction costs than a car, is an extremely efficient 
option. Further changes to urban layout to create hubs, and to 
increase the density of buildings, would also allow cities to use 
walking as the principal means of mobility, with public transport 
and bicycles as dominant support-modes. 

Reducing the current heating processes 

To reduce atmospheric carbon, the Earth's natural carbon sinks 
must be protected and strengthened. Processes that isolate and 
draw down, or sequester, atmospheric carbon into the ground have 
become of great interest to scientists. Human activity can actively 
expand these processes. To be effective, they must be substantial in 
their long-term outcome, and have a low risk of failure, or rapid or 
large-scale leakage. 



There are a variety of measures that can enhance these natural 
sinks, including protecting and expanding forests. 

Recently, attention has been drawn to Terra preta do indio, or 
'black soil', a term that describes dark, rich Amazonian soils, some 
as old as 7000 years, which contain many times the amount of 
carbon found in the soils of the surrounding areas. Once a mystery, 
it is now believed that the soils were deliberately fertilised and 
enriched by the region's original human inhabitants, using charred 
waste that was buried and maintained in the Earth. 

Today, 'black soil' (or terra preta) refers to land enriched with 
carbon, and other minerals produced from biological materials, 
through a process called pyrolysis. Biomass, such as crop residue or 
wood, is transformed into agricultural charcoal, or biochar. This 
carbon-rich material is buried in the soil, where it may effectively 
sequester atmospheric carbon for hundreds, and even thousands, of 
years. 

Biochar has caused great excitement among climate scientists 
because of its ability to take greenhouse gases out of the 
atmosphere and reduce greenhouse-gas concentration. Its benefits 
as a soil additive include mineral and microorganism enrichment, 
and increased water retention, and it is especially useful in countries 
such as Australia, where three-quarters of the soils contain less than 
l per cent carbon. Bruno Glaser of the University of Bayreuth in 
Germany has found that crop productivity can double in terra preta 
soils. The soil's increased fertility, and better ability to tolerate 
weather extremes, result in higher plant yields and nutritional 
content, and allow a move from the current dependence on 
industrial fertilisers to an organic method of enriching and restoring 
farming lands. A l-metre-deep hectare of terra preta can hold 250 
tonnes of carbon, compared to 100 tonnes from unimproved soils. 



This is more effective as a carbon-sequestration technique than 
growing forest; and, unlike forest, there is less risk of fires 
producing large-scale releases of the sequestered carbon. 

Joe Herbertson of sustainability consultants Crucible Carbon 
describes his reaction when he read about biochar technology: 'The 
hairs went up on the back of my neck ... this is the best news on 
climate change I've ever heard.' 

The process that generates the biochar that is used to make black 
soils (pyrolysis) is, optimally, an anaerobic (oxygen-free) thermal 
process in which biomass is baked in a kiln to produce charcoal. 
Useful byproducts include bio-oils and various fuel gases, such as 
methane and hydrogen, that can be used for combustion, or to feed 
fuel cells. 

Today, biomass is being used in other ways for power generation, 
but research and development has demonstrated the feasibility of 
biochar sequestration as a realistic means of reducing carbon 
dioxide levels. The big question is whether the terra preta process is 
cost effective in drawing down atmospheric carbon, and whether it 
can be done on a large-enough scale to have a significant impact. 

The practicality and economic viability of the process in reducing 
carbon dioxide levels to at least 350 parts per million has been 
explored by Michael Obersteiner of the International Institute for 
Applied Systems Analysis. He suggests that a maximum 
removal-rate of five billion tonnes of carbon a year would mean that, 
assuming no other emissions take place over this period, all 
historical emissions could be reversed in 70 years. 

Johannes Lehmann of Cornell University estimates that terra 
preta schemes, working with biofuel production, could store up to 
9.5 billion tonnes of carbon a year — more than is emitted by all of 
today's fossil-fuel use. Nonetheless, as we've seen, biofuel programs 



today are having widespread detrimental effects, including the 
transfer of land from food to fuel production. The introduction of 
large-scale terra preta would need to be balanced with sustainability 
needs, so as not to become another tool for the corporate 
destruction of traditional farming practices, especially in the 
developing world. 

Nobody wants biochar to require such large areas of new 
monocultures that it would end subsistence farming and the use of 
land for pasture, which would produce a shift to industrial 
agriculture worldwide and turn natural forests into vast industrial 
tree plantations. Still, biochar has a place in developed and 
developing worlds, provided there are strong land-use controls. 
While traditional charcoal kilns are inefficient and produce harmful 
emissions, including black soot, modern small-scale pyrolysis units 
can be used appropriately with traditional agriculture. If 
slash-and-burn is replaced by slash-and-char, up to 12 per cent of 
total human carbon emissions by land-use change can be offset. 

There is another benefit, too. Nitrogen fertilisers are a major 
source of the potent greenhouse gas nitrous oxide, but 
char-enriched soils have shown a 50-90 per cent drop in nitrous 
oxide emissions, as well as reduced phosphorous runoff. 

As terra preta enriches the soil, less land will be needed to 
produce a given amount of food. Even if we deployed only existing 
crop waste, we could remove about one billion tonnes of carbon 
from the atmosphere per year. If degraded waste and unused 
croplands were added, it may be possible to double that figure. In 
May 2007, the conference of the International Biochar Initiative was 
told that, as well as producing biofuel, biochar could produce a 
'wedge' of carbon reduction amounting to a minimum of 10 per cent, 
and possibly much more, of world emissions. 



Biochar technology does away with the trade-off that we are 
witnessing with broadacre biofuel crops, which enforces a choice 
between fuel and food. The biochar method can use crop waste, 
degraded lands and, perhaps, a proportion of plantation forest 
residue (provided that forest regeneration is not impeded) to enrich 
soils, thereby increasing food production, as well as sequestering 
carbon. Like energy efficiency, it is a solution that more than pays 
for itself.
  



CHAPTER 22 
Can 'Politics as Usual' Solve the Problem? 
 
It would be unsurprising to discover that many people perceive that 
the gap between what is being done and what needs to be done 
about global warming is growing bigger. There is increasing public 
unease, matched by a political incapacity to publicly recognise the 
true scale of action that is now desperately required. 

Reflecting on his experience as a young man in Britain in the late 
1930s, environmental scientist James Lovelock says: 

[I'm] old enough to notice a marked similarity between 
attitudes over sixty years ago towards the threat of war and 
those now towards the threat of global heating. Most of us 
think that something unpleasant may soon happen, but we 
are as confused as we were in 1938 over what form it will 
take and what to do about it. Our response so far is just like 
that before the Second World War, an attempt to appease. 
The Kyoto agreement was uncannily like that of Munich, 
with politicians out to show that they do respond but in 
reality playing for time. 
 

We have procrastinated for so long on global warming that it is 
now essential to move to a safe-climate economy as fast as is safe 
and practicable. A quick sketch of that task would include: 

 
• building the capacity to invent, plan, model, and coordinate the 
new economy, and encouraging research to develop and scale up 
the new technologies and products; 
• building the physical infrastructure and capacity to produce 
safe-climate goods and services, such as new production lines for 



ultra-energy-efficient home appliances, and zero-emission 
vehicles for public and private transport; 
• developing national energy-efficiency programs for building 
and industry, with enforceable minimum standards. Assistance 
would be given to householders, especially those on lower 
incomes, to reduce energy use; 
• constructing large-scale renewable-energy plants and local and 
household energy systems to allow the closure of the 
fossil-fuel-fired generating industry. This may include very large 
solar-thermal projects and wind-energy schemes. 
• upgrading and electrifying the national and regional train grid 
so that long-distance road and air freight can be shifted to rail; 
• providing safe-climate goods and services, expertise, and 
technologies to less-developed nations to support their transition 
to the post-carbon world; 
• providing adjustment and re-skilling programs for workers, 
communities, and industries affected by the impacts of global 
warming and by the move to the new economy; and 
• developing the bio-char and re-afforestation industries. 

 
Speed is essential — the emphasis is not just on building a 
safe-climate economy, but on doing so as quickly as is feasible while 
protecting the environment and keeping the rate of temperature 
change at a safe level. If the world takes ten or 15 years to stop 
increasing the rate of emissions, and another 40 or 50 years to 
stabilise atmospheric carbon levels, it is very likely that the resulting 
warming (an increase of more than 2 degrees), and its rate of 
increase, will be too much for many ecosystems, and may trigger 
positive climate feedbacks that escalate warming beyond control. 



Peak oil, in the end, may contribute to lowering emissions. As the 
cost of petrochemicals is driven higher, the way that we produce 
and consume goods will change. Rising transport costs will put 
downward pressure on the global distribution of lower-value goods 
per weight, and more goods will be produced locally, which will 
redistribute global manufacturing capacity and jobs. A 25 per cent 
increase in fuel prices produces a 10 per cent increase in freight rates, 
reducing international trade by 5 per cent, according to Thomas 
Homer-Dixon, author of The Upside of Down. It is reasonable, then, 
to expect that if the price of oil doubles it would cut international 
trade in material goods by one-fifth. We can expect that 'food miles' 
and 'product miles' will influence consumption patterns, and people 
would be more likely to travel and holiday closer to home. 

The question is: how can we make this rapid transition? Can our 
current political system, and the imperatives of a deregulated 
market economy, make this happen very quickly? To be blunt, the 
answer is no. 

Look around for the proof. It is not happening anywhere at the 
necessary scale and speed. Even in countries that have worked hard 
to improve energy efficiency, and build renewable-energy capacity 
and better transport options, the human ability to invent new ways 
of using energy has worked against these advances: the fast-growing, 
high-polluting air-travel sector, the air conditioner boom, and the 
plasma-TV fetish are just three examples. In the West, our 
conventional mode of politics is short-term, adversarial, and 
incremental. It is steeped in a culture of compromise that is fearful 
of deep, quick change — which suggests it is incapable of managing 
the transition at the necessary speed. 

Sharp changes mean disruption, and disrupting business or 
lifestyle is a political sin. In the developed world, 'politics as usual' 



places the free-market economy at the heart of its project, and 
governments, as a matter of political faith, are loath to intervene 
decisively. Even though Sir Nicholas Stern named global warming as 
the 'greatest market failure' in history, governments have been 
ideologically reluctant to act sufficiently to correct this great 
distortion of the market. 

Over the past three decades, just as global warming has slowly 
become a recognised phenomenon, modern finance capital has 
extended its hegemony around the globe and, to a remarkable 
extent, set corporate activity free of national and democratic 
restraint. Today, the dominant political agenda is for the free 
market to reign and for capital to be released from government 
regulation. We hear the mantras endlessly: the public sector is bad, 
privatisation good; lower taxes, good, government spending, bad. 
However, as former US labor secretary Robert Reich argued in 2007, 
in his influential essay 'How Capitalism is Killing Democracy': 'free 
markets ... have been accompanied by widening inequalities of 
income and wealth, heightened job insecurity, and environmental 
hazards such as global warming'. The neo-liberal market economy, 
without democratic control and with a fetish for monetary growth 
and 'shareholder value', rather than community, has failed the test 
of sustainability. 

At a book launch in December 2007, Ian Dunlop, former 
executive for the international oil, gas, and coal industries, said that 
the crucial issue of the next few decades would be how to 'bring 
runaway capitalism into alignment with the sustainability of the 
planet and global society, and indeed with democracy'. He noted 
that 'the political and corporate structures we have created render 
us uniquely ill-equipped to handle this emergency,' and that 
'perverse [corporate] incentives have led to a paranoia with 



short-term performance ... organisations previously highly regarded 
for their long-term thinking have dispensed with that expertise, in 
the process losing valuable corporate memory'. 

He argued that, if we are to ensure long-run sustainability, the 
rules must change, and he identified three important consequences: 
genuine sustainable development must become a cornerstone, 
because conventional growth is untenable; success must be 
re-defined according to long-term sustainability, not short-term 
consumption; and markets must be re-designed to enhance local 
and global 'Commons', a term derived from old English law 
describing land shared by a village and held 'in common' for the 
benefit of all. Today, the global 'Commons' refers to all that is 
central to life, and that no one person or nation should control. 

The corporate agenda runs politics, as Robert Reich has 
articulated: 

 
Democracy, at its best, enables citizens to debate 
collectively how the slices of the pie should be divided and 
to determine which rules apply to private goods and which 
to public goods. Today, those tasks are increasingly being 
left to the market ... Democracy has become enfeebled 
largely because companies, in intensifying competition for 
global consumers and investors, have invested ever greater 
sums in lobbying, public relations, and even bribes and 
kickbacks, seeking laws that give them a competitive 
advantage over their rivals. The result is an arms race for 
political influence that is drowning out the voices of 
average citizens. In the United States, for example, the 
fights that preoccupy Congress, those that consume weeks 
or months of congressional staff time, are typically contests 



between competing companies or industries ... While 
corporations are increasingly writing their own rules, they 
are also being entrusted with a kind of social responsibility 
or morality. Politicians praise companies for acting 
'responsibly' or condemn them for not doing so. Yet the 
purpose of capitalism is to get great deals for consumers 
and investors. Corporate executives are not authorized by 
anyone — least of all by their investors — to balance profits 
against the public good. Nor do they have any expertise in 
making such moral calculations. Democracy is supposed to 
represent the public in drawing such lines. And the 
message that companies are moral beings with social 
responsibilities diverts public attention from the task of 
establishing such laws and rules in the first place. 
 

In short, 'business as usual' practices are no substitute for 
community-established laws and rules that are created through the 
state to protect the public good — in the present case, the public 
good being a healthy planet. Sadly, such a step seems beyond the 
political process, acting in its usual mode. 

Carbon pollution is being turned into a product that, while 
enormously profitable to its private 'owners', wreaks so much public 
damage that it threatens to change our planet beyond recognition. 
Orthodox economic theory demands that the rational course of 
action would be to place a tax on pollution, so that the cost of the 
tax would equal the cost of damage being done. This is likely to be 
very high — Stern says it may be more than US$85 per tonne of 
carbon dioxide. In fact, if the cost of the marginal damage 
(destroying the Earth's ecosystems) is beyond value, and of infinite 
cost, then the abatement price (the amount we should be prepared 



to pay to stop it) should also be infinite. It seems that this logical 
conclusion, based on orthodox economics, is not a serious 
consideration for most people who manage the economy. 

To drive the transition to a safe-climate future, greenhouse-gas 
pollution must be squeezed out of the economic equation. One 
option is to put an increasing price (tax) on the pollution, so that it 
becomes more and more economically attractive to use products 
and processes that do not produce greenhouse gases. 

The other option is 'cap and auction', explained in Chapter 20, 
which is a fancy name for a rationing scheme that sells damage 
permits in decreasing quantity to polluters, until the economy 
achieves zero greenhouse-gas emissions. 

But there is a problem with both of these solutions. We are 
addicted to the lifestyle that our high-impact economy allows, 
which means that — as we have seen with cigarettes and alcohol, 
which are highly taxed — you can substantially increase the price of 
greenhouse-gas-intensive products and people will still buy them, 
because they cannot, or do not, want to go without them, or they 
are unaware of the low-emission alternatives. 

Our addiction to a high-impact lifestyle imbues greenhouse-gas 
emissions with something called high price inelasticity, which 
means that an increase in price produces a relatively small drop in 
demand. In these cases, simple price rises are not an effective, or fair, 
means for rapidly reducing consumption to zero. As an example, the 
demand for petrol is highly inelastic, so doubling the price of petrol 
only reduces demand for petrol by 10 per cent in the short-term, and 
40 per cent in the longer term, as people switch to more 
fuel-efficient cars or other means of transport, or make lifestyle 
changes. In other words, to reduce the demand for petrol by just 40 
per cent, governments would need to double its price, and that is 



equivalent to a price on carbon emissions of around A$500 per 
tonne. In the world of 'politics as usual', that is not going to happen. 

How, then, can we make the rapid transition happen? Two 
examples of successful transformations suggest some strategies. 

During World War II, after Pearl Harbour, the USA's military 
imperatives demanded a rapid conversion of great swathes of 
economic capacity from civil to military purposes. Within months, 
car production lines became tank lines. The manufacture of 
passenger cars ceased for the duration of the war, and new methods 
to mass-produce military aircraft were devised. Consumer spending 
was dampened by the selling of 'war bonds' to fund the cost of 
rapidly expanding military production and to control inflation. 
Having learned from the devastating experience of profiteering 
during the First World War, price controls were introduced, and 
rationing of key goods was mandated as necessary — the main result 
being a more egalitarian pattern of consumption, especially 
regarding food. The economy, real wages, and profits all grew, 
although many civil rights were significantly curtailed. 

For a more recent example of successful, rapid transition, we can 
look to the 'tiger' economies of South Korea, Singapore, Taiwan, 
Hong Kong, and now China. In each case, national governments and 
enterprises cooperated in a plan to drive up, or change, the 
character of their output. In all cases, industrialisation was rapid 
because domestic demand was held down by state policies that 
favoured investing in export capacity, savings rates were high, and 
skills development was emphasised. This is not to glorify these 
development drives: in the Asian 'tiger' economies there were very 
significant downsides, including autocratic rule in the service of the 
development elites, the brutal suppression of labour and democratic 
rights, the fracturing of traditional rural lives, and massive damage 



to the environment. Nor are these example given because they 
exemplify a path to rapid growth (which they do), but because they 
demonstrate the capacity for rapid transformation. 

What is salient in all these cases is the key role of governments in 
planning, coordinating, and overseeing the transition — the very 
opposite of leaving the deregulated market to its devices and going 
about 'business as usual'. Voluntary measures and aspirational goals 
will not eliminate greenhouse-gas emissions; they will have to be 
squeezed out by strong governmental regulatory and investment 
actions. The particular nature of such a government will depend on 
the capacity of people to build its democratic character, and to 
provide national leadership when conventional politics fails to do so. 
It should not be assumed that strong state intervention requires an 
autocratic government. If, as a society, we are to engage in a rapid 
change, it will require the active democratic participation of the 
population, rather than its passivity. 

Even middle-of-the-road climate targets require extraordinary 
action. The unsafe cap of 2-2.4 degrees that was promoted at the UN 
Climate Change Conference in Bali in December 2007 requires 
developed countries to cut emissions to 25-40 per cent below their 
1990 levels by 2020. For Australia (where emissions by 2010 will be 
about 10 per cent higher than they were in 1990), this would require 
emissions from 2010-2020 to be reduced by 35-50 per cent, or 3.5-5 
per cent on average per year. 

When the current annual growth in Australian emissions of 1.5-2 
per cent is added to the equation, the total turnaround on current 
practice would be a 5-7 per cent cut in greenhouse-gas emissions 
each year. By comparison, the best recent record for decreasing the 
energy intensity of a modern economy is under 3 per cent annually, 



set by Japan after the 1970s 'oil shock', and achieved, in part, by 
exporting some energy-intensive industries. 

In this context, we find it inconceivable that Australia could play 
its fair part in meeting even a 2-2.4-degree cap, other than by a 
planned, rapid transition and economic restructuring. This would 
necessarily have to be constituted as a climate 'state of emergency' 
far beyond the capacity of a society operating in its usual modes.
  



CHAPTER 23 
What Does an Emergency Look Like? 

In recent public discussions about global warming, the language 
has started to shift from talk of a 'crisis' to one of a 'global 
emergency'. The popular appeal of Al Gore's film and book An 
Inconvenient Truth, which calls climate change a 'global emergency', 
has driven much of this shift. In the lead-up to the December 2007 
Bali conference, the UN secretary-general also spoke explicitly of a 
climate emergency. 

Using such language is the start of the process of recognising that 
the underlying reality has become more grave than we had 
previously realised. The climax of the process may be governments 
formally declaring a 'state of emergency', at which point we will 
know a number of things: that the authorities rate the problem as 
very serious, that priority will be given to resolving the crisis, that 
we are all in the crisis together, and that, officially, 'business as 
usual' no longer applies. 

The declaration of a state of emergency involves official 
recognition that a threat to life and health, property, or the natural 
environment is sufficiently large that an adequate response will 
demand a mobilisation of resources beyond the normal functioning 
of the society. Such threats may be civil or military: they may be 
natural (like fire, flood, tsunami, or earthquake); political (like war 
and conflict); biomedical (like infectious disease); or the result of a 
combination of factors (such as famine or population displacement). 

To deal with an unfamiliar emergency, it is often necessary to 
undertake 'crash programs' to create new capabilities. Iconic 
examples of such programs have been the Manhattan Project 
(through which the US developed the nuclear bomb) and the Apollo 



Program (to get astronauts to the moon). In some cases, the 
emergency has been so demanding that the whole economy has had 
to be mobilised to new purposes. Within a year after Pearl Harbour, 
for example, the US was able to switch from being the world's 
largest consumer economy to become the world's largest war 
economy. 

In the case of climate change, however, we need to go one step 
further and change not only what the economy produces, but also 
how it produces. Here, the experience of Japan, the Asian tiger 
economies and, more recently, China is instructive. For example, in 
two decades, South Korea transformed itself completely from being 
a poor agricultural economy to a middle-income, world-competitive 
manufacturing economy. These changes came with very high human 
and environmental costs, but they demonstrate that programs to 
transform the organisation of production can be implemented 
quickly. 

Transformational programs can either focus on scaling up 
existing technologies or processes (to produce a result quickly), or 
on pursuing fundamental innovation to solve a new problem (for 
example, the Manhattan Project, which set out to build a nuclear 
bomb, even though the related nuclear industry did not exist and 
there was virtually no knowledge, at the start, about how to carry 
out the task). Some transformational programs combine aspects of 
scaling up and fundamental innovation (for example, the Apollo 
Program). 

 
 
 
 
 



 



All of these very fast, large-scale transformations are characterised 
by a strong government role in planning, coordinating, and 
allocating resources, backed by sufficient administrative power to 
achieve a rapid response that is beyond the capacity of the society's 
normal functioning. 

A state of emergency will likely exhibit many or most of the 
characteristics listed on the opposite page. 

With few exceptions, the present responses to global warming are 
within the 'normal political-paralysis mode'. Most governments have 
not been brutally honest with themselves about the new climate 
data and its consequences, or about the severity and proximity of the 
consequences if present trends continue. Necessary targets and goals 
are being severely compromised, while the speed of our response is 
hopelessly inadequate, and will result in global warming worsening 
and moving beyond our capacity to construct practical responses. 
There is neither effective leadership nor bipartisanship. 

We are not devoting the necessary resources to solving the 
problem, whether it is research and innovation, planning for a rapid 
transition, or scaling up production. Not only has failure become an 
option; it has also become the norm. On all objective measures the 
world is going backwards: emissions are rising at an increasing rate, 
events signalling more dangerous changes in the environment are 
occurring faster than expected, and positive feedbacks are beginning 
to kick in. 

In short, although it is the greatest threat in human history, 
global warming is not being treated as an emergency. 

This response stands in stark contrast to our behaviour in other 
emergency situations. In the case of a bush fire, for example, the 
normal functions of the affected community are suspended, in so far 
as it is necessary to save life and to devote all available resources — 



including mobilising them from far away — to fight the fire. The 
speed of the response is crucial, plans are made in advance, action is 
centrally coordinated, on-the-ground initiative and committed 
teamwork are vital, and specialist teams are ready and trained. No 
effort is spared, people are given leave from their regular jobs, and 
whole communities support the fire fighters and each other. 
Resources to fight the fire are not denied because it might 'hurt the 
economy'. 

Yet, in proposing a 'crash program' to curb global warming, the 
response is often that drastic action is not politically possible — that 
it will cost too much, damage the economy, waste good capital, or 
be too disruptive. 

Even among many who acknowledge that global warming is an 
urgent problem, there is a tendency to devalue the predicted 
impacts. Anyone who talks about living with a 3-degree rise, as some 
of the climate professionals do, has obviously not come to grips with 
actual consequences of these figures. In understating the real 
impacts — and, therefore, the economic damage — the cost of 
doing nothing, or not enough, is undervalued. At the same time, the 
heavy cost of action is overstated, especially since many 
energy-efficiency measures save, rather than cost, money. 

It seems that many who are concerned about economic damage 
are not worried that society as a whole will be worse off by 
becoming more climate friendly: rather, institutions and individuals 
who have made themselves dependent on activities that produce 
large volumes of greenhouse-gas pollution free of charge seem 
concerned that they will be worse off, and that long-established 
personal habits and cultural norms will have to change. 

The historical evidence, for example, of the emergency 
mobilisation in the US for the Second World War indicates just how 



wrong fear- mongering lobbying about 'economic damage' can be. In 
the period from 1940 to 1945, unemployment in the USA fell from 
14.6 per cent to 1.9 per cent, while GNP grew 55 per cent in the five 
years from 1939. Wages grew 65 per cent over the course of the war, 
far outstripping inflation, and company profits boomed. This was all 
at a time when personal consumption was limited by the sale of war 
bonds, some basic goods and foods were rationed and, at the height 
of the mobilisation, 40 per cent of the economy was directed 
towards the war effort. 

In 1941, the American economy was still suffering from the effects 
of the Great Depression, so the switch to the war economy, with its 
practical need to utilise all available productive capacity, would 
inevitably produce improved economic statistics. But even if a 
climate emergency were to be declared at a time of economic health, 
the tasks are so challenging — building a zero-emissions economy, 
taking carbon out of the air, and finding the means to cool the 
planet — that every scrap of productive capacity will be required. 

The experience of the Second World War shows that production 
and technologies can be switched quickly, and on a huge scale, 
when there is the need and the will: from a small base of war 
production in early 1941, the United States was out-producing the 
combined Axis effort by the beginning of 1943. Merchant 
shipbuilding grew from a total of only 71 ships for the period from 
1930 to 1936 to more than 100 in 1941 alone, and 127,000 military 
aircraft were produced in the four years from 1941. Output by 1944 
was 28 times the rate it had been in 1939. 

 
Lester Brown of the Earth Policy Institute sums up the case for a 
sustainability emergency: 
 



The year 1942 witnessed the greatest expansion of industrial 
output in the nation's history. A sparkplug factory was 
among the first to switch to the production of machine 
guns. Soon a manufacturer of stoves was producing 
lifeboats. A merry-go-round factory was making gun 
mounts ... The automobile industry was converted to such 
an extent that from 1942-1944, there were essentially no 
cars [for commercial sale] produced in the United States.  
This mobilization of resources within a matter of months 
demonstrates that a country and, indeed, the world can 
restructure the economy quickly if it is convinced of the 
need to do so. In this mobilization, the scarcest resource of 
all is time. With climate change, for example, we are fast 
approaching the point of no return. We cannot reset the 
clock. Nature is the timekeeper.  

 
Human societies are able to develop emergency methods for 
handling familiar crises, especially when they are frequently 
repeated, such as floods, fires, storms, droughts and, in some 
societies, wars; but we have the greatest trouble with unfamiliar 
crises, especially if they not yet fully physically apparent. 

Now that science, enhanced by its ability to prefigure alternative 
futures using computer models, has made it clear that a climate 
disaster is a realistic future, we need to take the crisis seriously. We 
must treat this future as a preventable fact. We need to start from 
the assumption that we will not fail in our efforts to prevent this 
future, and we need to start imagining, and acting out, a whole 
series of scenarios to prevent climate disaster and to take the world 
back to the temperature safe-zone. We need to test strategies to see 
which ones have the highest odds of success. This technique of 



'back-casting from success' can be applied to the climate as well as 
to other issues that need to be tackled under a sustainability 
emergency. 

While the challenge of avoiding climate catastrophe demands 
action at emergency pace and scale, what has to be done will be very 
different from responding to cyclones, or wars, or the human 
consequences of conflicts. Nonetheless, by learning from our past 
actions at times of emergency, we can prepare for the great task 
ahead of us all, rather than respond with panic and alarm when it 
may be too late.
  



CHAPTER 24 
The Climate Emergency in Practice 

Governments declare states of emergency, or a switch to emergency 
mode, to signal their profound commitment to solving an urgent 
problem. Typically, once an emergency has been declared, action 
takes place at great speed, involving government services and 
contractors, volunteer organisations, and the active participation of 
the affected community. 

Returning to the safe-climate zone is a more challenging task 
than is usually faced in an emergency, but the approach to it is 
similar. Declaring a climate and sustainability emergency is not just 
a formal measure or an empty political gesture, but an unambiguous 
reflection of a government's and people's commitment to intense 
and large-scale action. It identifies the highest priority to which 
sufficient resources will be applied in order to succeed. Social and 
economic organisation, and people's everyday lives, will be changed 
for the duration of the emergency and to the extent necessary to 
resolve it. 

Getting governments to recognise the climate emergency is a 
clear and unambiguous goal, but it will face resistance. There will be 
great pressure for a 'new business-as-usual' politics; governments 
themselves do not yet fully understand the problem or the solutions; 
and there is not yet sufficient public understanding of the climate 
and sustainability crisis, what needs to be done, and why. 

One task necessary is to achieve public and government 
recognition of the scale of the threat, so that serious consideration 
can be given to the actions necessary to solve the whole problem. 
Until we see a realistic appraisal, for example, of the Arctic melt and 
the imminent threats from Greenland and the West Antarctic 



ice-sheet losses, we will know that political leaders don't yet 
understand the problem. Once they do understand, and they 
express the need for goals that will solve the problem, we are on the 
way to the emergency mode. This step will only occur with broad 
community education and mobilisation. 

Active support will need to be built around both specific goals — 
for example, large-scale programs for energy efficiency, renewable 
energy, and restructuring transport — and the formal declaration of 
a climate emergency. 

A street, local area, or organisation, for example, could declare a 
state-of-sustainability emergency, and could implement an action 
plan, build up support, and prepare the ground for all levels of 
government to follow. This would involve initially considering the 
pros and cons of the emergency idea (for example, by using the 
scenario in the Appendix), then preparing the full action plan and, 
finally, executing it. The ultimate goal is to get the government and 
the whole society to commit to tackling the climate and 
sutainability emergency. 

One way or another, we will get to the emergency mode. The 
question is whether we can make it happen now, by using our 
foresight, or whether we have to wait for years until the problem 
gets so bad that panic flips governments out of their 
business-as-usual paralysis. How can we act to make the transition 
to the emergency mode happen sooner, with more chance of success, 
rather than later, with less chance? How can the ground be prepared 
to make all the steps feasible? 

It is often perceived that the motivation to act strongly on 
environmental issues comes from a green fringe of society, but this 
is a simplistic notion. Some of the strongest statements and most 
effective communications about the climate problem are coming 



from international figures, such as Al Gore; Yvo de Boer, the UN's 
lead negotiator for the new global agreement to replace the Kyoto 
Protocol; long-time sustainability activists such as Lester Brown of 
the Earth Policy Institute; Amory Lovins of the Rocky Mountains 
Institute; and many climate-advocacy groups, from the local to the 
global level. 

We now need to substantially restructure the physical economy, 
in a very short time, but will the mainstream mindset opposed to 
radical and sudden change be an insurmountable obstacle? We 
think not, because there are already many people who are very 
switched on to the problem. In the end, even conservative 
governments and corporations will figure out that you cannot make 
money, and grow the economy, on a planet that's not fit to live on. 
The question is: can we work together to create the rapid 
transformation of the 
economy? 

John Paul Lederach is a leader in the field of conflict 
transformation and peace building, and is the author of Building 
Peace: sustainable reconciliation in divided societies. For a large-scale 
social challenge in which the whole society needs to move, despite 
past and current divisions, Lederach argues that change needs to be 
catalysed at three levels: the population at large; the 
managerial-cultural-and- innovation elites; and the controlling elite. 

In the case of climate, change needs to be occurring at all three 
levels, and between them. The controlling elite, as a whole, doesn't 
yet grasp the full seriousness and urgency of the situation, but 
peer-advocacy from within this level can be very powerful. The 
other two levels need to direct advocacy to the top, while also 
making things happen on the ground. Advocacy from members of 
the managerial elite, including senior administrators and scientists, 



is important, because they are close to, and provide expertise and 
management capability to, the controlling elite. Advocacy from the 
community at large is important, too, because it creates the 
democratic mandate. While large-scale infrastructure spending and 
macro-economic management is driven by the elites, initiative and 
autonomy at the community, workplace, and small-business level is 
crucially important in changing people's behaviours and activities. 

Lederach believes that it is essential to find people who can see 
the need for change from the perspective of their sector, but who 
will work across sectors to create cooperation across the fault-lines 
of conflict. 

Because we have not faced a human-caused climate crisis before, 
there is no complete sustainability emergency package that is ready 
to be put to use. We need to experiment to find the best way to act, 
building on our safe-climate message and goals. In creating ideas 
and imagining the best way to act to make the emergency response 
a political reality, we can also look around the world to find the 
most practical and most suitable initiatives. 

There are a number of starting points to initiate action on the 
emergency. 

Mobilising community networks 

Transforming politics from conventional to emergency mode will be 
strongly resisted by those who see a short-term benefit in opposing 
change. The climate emergency will be resolved only with the active 
support of the broad community: from community-action groups, 
unions, and churches to neighbourhoods, schools, and local 
government; and from political parties to corporate elites. As one 
expression of this need, in February 2008, participants at a 
community climate-action conference in Melbourne, Australia, 



organised by Friends of the Earth and the Sustainable Living 
Foundation, proposed and set up the Climate Emergency Network 
(www.climateemergencynetwork.org). The most active local 
community climate groups across Melbourne and regional Victoria 
now support this project, which will initiate community 
mobilisation for strong and effective action on climate change and 
the declaration of a sustainability emergency. Building democratic 
participation is one key to achieving emergency action. 

Building deliberative democracy 

People and organisations need the opportunity to look at all the 
issues in depth and over time, in a supportive social environment. 
Because the worst climate impacts are still to come, full-strength, 
effective action must arise from an act of informed imagination, and 
we need to help large numbers of people do this. The techniques for 
doing so fall under the concept of deliberative democracy. 

The Victorian Women's Trust provided an inspiring example of 
deliberative democracy with their Watermark Australia project. The 
project engaged 2000 people, across Australia, in 200 discussion 
groups that met for two periods of three to five months each. 
Discussion groups were the core of the program because many 
people learn better and become more motivated to take action 
when involved in a group. In the first period, the groups discussed 
how the water system works, or does not work, in Australia. They 
looked at a range of issues — including what is happening to rainfall, 
how water is used and could be better used, how society and the 
economy interact with water issues, and what water's environmental 
role is. In the second period, participants developed ideas for action 
on the key issues. 

http://www.climateemergencynetwork.org/�


The process included a two-way exchange between program 
participants and water-issue experts. The results were drawn 
together into the book Our Water Mark, which had more than 
37,000 copies distributed across Australia. 

A similar in-depth engagement of a significant proportion of the 
community would be an asset in developing responses to global 
warming. Repeated interaction of this sort would ensure that the 
community is fully engaged, that governments gain a specific 
democratic mandate for emergency-scale action, and that politics 
becomes a process that engages people constructively with tough 
issues that need strong responses. 

Deliberative democracy can build awareness of the sustainability 
emergency and create the political space that governments need to 
act. Far from the emergency causing democracy to suffer, it could be 
a decisive factor in making the democratic process work more 
effectively. 

 

Figuring out how it can work 

Because no region has ever declared, or tackled, a sustainability and 
climate emergency, advocates and organisations are uncertain about 
what is involved and how to best proceed. In part, this can be 
overcome through forming, or strengthening, existing 
non-government research bodies, or think-tanks, that are open to 
expertise from across society. They would study all the detailed 
problems related to the emergency and make their insights available 
to community groups, businesses, and unions, as well as provide 
advice to advocates, lobbyists, and government. Their investigations 
could include the administration of the emergency, proposed 



legislation, action plans, solutions to the political obstacles, 
economic policy and management, and how to drive innovation. 
Research would aim for the very best possible model to run the 
sustainability emergency — one capable of delivering a fast return 
to a safe climate while enhancing democracy by treating all parties 
fairly and with respect. 

Experiencing the climate options 

While we need to understand the implications of dangerous climate 
change rationally in order to think about the possible solutions, our 
ability to act decisively on the sustainability emergency will be 
assisted by a capacity to also 'feel and see' it — to empathise with 
where our planet is headed, and to be able to think about how 
different it might be. 

One way to do this is to 'virtually' experience climate catastrophe 
and alternative futures. Books such as Mark Lynas' Six Degrees and 
Fred Pearce's With Speed and Violence are important. Science fiction 
books like Kim Stanley Robinson's climate-change trilogy, Forty 
Signs of Rain, Fifty Degrees Below, and Sixty Days and Counting help 
us to imagine living in dangerous climates that experience abrupt 
change. 

If this assisted imagining is to be helpful, it must also enable us 
see and feel what it would be like to take action to rescue the planet 
now, while we have the best chance of success, and well before 
widespread catastrophe hits or becomes unavoidable. We need 
stories not just of heroes living in the future, and making desperate, 
perhaps futile, last-ditch attempts to head off a disaster in the face 
of imminent doom, but of a world in which climate turnaround is 
achieved, despite distractions, inertia, and vested interests in the 



here-and-now — an interesting challenge for sustainability 
strategists, writers, and movie-makers. 

Creating a radical innovation program 

Transforming society to achieve a safe climate is a complex task 
requiring a high level of innovation. A trial of a landmark approach, 
supported by five government ministries, took place in the 
Netherlands during the 1990s, and the results were published in the 
book Sustainable Technology Development. 

The Dutch Sustainable Technology Development Program found 
that a 95-98 per cent improvement in eco-efficiency was required to 
reduce the environmental impact of production, taking into account 
the current, too-large levels of damage and waste, and the projected 
population and economic growth. It was realised that normal 
innovation, dominated by incremental change to existing 
technologies, would not be able to deliver the required level of 
improvement. The solution was to go back to basics and identify the 
human and environmental needs that had to be met and then, from 
first principles, invent new technologies that could meet all these 
needs efficiently. A series of case studies showed how this approach 
could be applied successfully to a range of human needs, including 
the demand for high-quality protein, water services, clothes- 
cleaning services, provision of chemical feedstock, and mobility. The 
most dramatic success was a redesign of ways of providing 
high-quality food protein, which saw a 99 per cent improvement in 
eco-efficiency. 

Faced with a climate emergency, we need to be innovative to 
deliver eco-efficient technologies that change how we live and how 
we produce goods. One stream would have to involve a 'crash 
program' to deliver large results quickly; another stream would 



include fundamental research to find increasingly efficient and 
effective ways to meet human needs and the environmental needs 
of'all people, all species, and all generations'. 

The 'crash program' stream could learn from the Apollo Program 
experience and the rapid industrial transformations of the tiger 
economies. 

The 'fundamental innovation' stream could help the crash 
programs avoid options that have long passed the point at which 
they can make a positive contribution to a safe-climate program. An 
example is the idea of replacing coal with natural gas (which causes 
continuing high levels of carbon emissions) as a long-term 
generator of electricity, when what we need to do is to drive down 
emissions to zero. 

Developing a public computer-modeling agency 
 

We now have powers that run far ahead of our capacity for 
foresight. When figuring out solutions to restore a safe climate, it is 
very hard to work out the unintended consequences or the exact 
impact of various plans. 

Climate scientists have sophisticated models to help their 
research, but these are not available to the general public. It is not 
possible to find answers to many pressing issues unless you have 
enough money to commission research, or are lucky enough to find 
a research institution that has already answered your question. 

In preparing this book, there were many questions to which we 
could not find a ready answer. How much would the complete loss 
of the Arctic sea-ice raise regional and global temperatures? We 
learned that no specific modelling has been done on this question, 
even though complete sea-ice loss now seems imminent. How much 



greenhouse gas would need to be taken out of the air to trigger 
sufficient cooling to get the summer Arctic sea-ice back? What 
would a safe-climate emissions scenario look like? What is our 
capacity to produce biochar, using existing waste biomass? 

Establishing a public utility for modelling changes in climate, the 
environment, and the economy, at least in outline, would allow us 
to answer such questions. We could find the answers to politically 
inconvenient questions that government, universities, or other 
institutions may be tempted to self-censor or avoid. The impacts of 
alternative policies, programs, or products could be explored. 
Models need to be accessible to everyone so that people and 
organisations can test their policy or development ideas. Arguably, 
the modeling capacity should be available free, or so cheaply that 
everyone can make use of the facility, which would allow public 
discussion to be concrete and proposals to be more thoroughly 
tested. 
We do not pretend to have a detailed roadmap for tackling the 
sustainability emergency. The ideas presented here are simply an 
outline of plans and actions that are necessary and workable.
  



CHAPTER 25 

The Safe-Climate Economy 

We have gone too far. The planet is already too hot. There is too 
much carbon dioxide in the air, the Arctic will soon be ice-free in 
summer, and the world is committed to more than 3 degrees 
warming if it continues along the present energy path. 

We are not standing on the threshold of dangerous climate 
change; we passed through that doorway decades ago. Will we take 
action, at great speed, to rescue ourselves and the other species with 
whom we share this planet, or will inadequate action condemn the 
living Earth to catastrophe? 

The rescue will be no small task. We must cool our planet by 
changing our energy systems and the way we move, work, and 
produce. This requires the redirection and reinvention of much of 
the economy in the shortest possible time. If we value life, the time 
has come to incorporate climate-change objectives into the 
structure of economic management. 

In 1929, much of the world was plunged into economic depression 
and mass unemployment. In previous economic collapses, 
unemployment was treated as a personal tragedy for the individual, 
because the downturn was accepted as a natural feature of the 
economy. During the Great Depression, unemployment became an 
issue to be consciously dealt with by economic management. New 
economic theories (most famously, those of John Maynard Keynes) 
and the rising power of organised labour demanded action to 
restore jobs and economic balance. 

While the Depression gave birth to macroeco- nomic 
management, the Second World War drove the development of 
many of the tools. There was an imperative to harness the entire 



industrial economy to the war effort. Systems of national accounts 
and indicators such as Gross Domestic Product were refined, and 
methods for enlarging and steering the productive capacity of the 
economy were created. 

The climate and sustainability emergency presents a remarkably 
similar challenge. The behaviour of a world economy that has been 
unconcerned with environmental costs is the principal cause of the 
emergency; but the solution lies in harnessing its productive 
capacity to build climate-safe infrastructure and macroeconomic 
governance which ensures that such severe problems never arise 
again. 

The relative prices of raw materials, energy, environmental 
capacity, and ecosystem services must be set so that, socially and 
privately, the most profitable action coincides with protecting the 
environment and conserving resources. Two important tools are 
eco-taxation and rationing, the latter setting a declining limit on 
environmentally adverse economic activities by auctioning permits. 
The revenue raised can be used to make changes in infrastructure, 
industry sectors, and regional economies to deliver goods and 
services in new ways. This is the domain of industry policy and 
regional-development policy. New policies are also needed to build 
skills and capabilities, and to foster innovation and strategic 
management. 

Plans to reduce greenhouse emissions must be comprehensive. 
We could virtually eliminate climate pollution from most aspects of 
our lives, but if just one sector — transportation — were to be 
overlooked, our efforts would be undone. 

Air travel as a sector, for example, is the fastest-growing producer 
of global greenhouse emissions. Aircraft emissions from high in the 
atmosphere have an effect 2.7 times as great as the same carbon 



dioxide pollution at ground level. There are few readily available 
low-impact fuel substitutes. In Australia, taking into account the 
projected increases, total air-travel emissions by 2020 will have an 
impact equivalent to two-thirds of a tonne of carbon per person. Air 
travel alone will be enough to blow a sharply declining carbon 
budget. 

The total quantity of all greenhouse emissions would be best 
controlled by rationing, rather than by standard eco-taxation. 
Existing 'cap and trade' schemes are generally deficient: they include 
only some emissions, they give away permits, they legitimise rorts, 
and they fail to deal with cross-border problems. 

There are, however, some good rationing models that have been 
proposed. An approach that has been considered by the British 
government, and that seems well suited to the demands of the 
sustainability emergency, is the introduction of personal carbon 
allowances (or rations) to guarantee that the national greenhouse 
emissions budget is achieved. 

The system could work in an Australian context as part of a 
safe-climate strategy. An authority independent of government, like 
the Reserve Bank, would set up a national greenhouse- emissions 
budget each year. The amount of emissions would be decreased 
each year, through a series of downward steps (to zero), in 
accordance with a rapid transition plan. Because households (in 
Australia) are directly responsible for about one-quarter of 
emissions (generated principally by household energy use and 
private travel), one-quarter of the carbon budget would be made 
available free of charge to each citizen as an equal 'carbon credit' (or 
ration), via an electronic swipe 'carbon card'. The card would be 
used to draw on an individual carbon-credit balance each time 
household gas and electricity, petrol, and air tickets were paid for. 



Unused credits could also be sold. For the energy embedded in 
purchased commodities, such as food and personal services, the 
carbon ration would already have been for paid by the manufacturer, 
and its cost would be built into the consumer price. If a person 
lacked the greenhouse-emissions credits to cover a purchase, or 
they were an overseas visitor without an entitlement to emissions 
credits, they could buy credit at the point of sale. 

The balance of three-quarters of the national emissions budget 
would be auctioned to business and government in an 
emissions-credit market, where the price of emissions would rise 
over time as the quantity was progressively reduced. Businesses or 
individuals would also be able to sell excess emission credits. 
Because individuals and businesses would be able to trade their 
credits within the overall limit set by the national 
greenhouse-emission target, there would be a financial incentive to 
make a rapid switch to low-emissions technologies. If a new 
technology required less of an individual ration compared to the 
technology it replaced, it would be more attractive, so businesses 
would have an incentive to make long-term low- and zero-emissions 
investment decisions. 

Rationing is feasible and was used very effectively during the 
Second World War and for some years afterwards. Studies in Britain 
showed that war rationing was accepted because it was seen as both 
necessary and fair. There was a booming black market, in which 
rations were bought and sold informally, because goods were in 
short supply and ration cards could not be officially traded. But in 
response to shortages of some goods — because war needs were a 
higher priority than consumer demand, or because precarious 
merchant shipping could not carry the volume of imports required 
for normal market trading — the population accepted the argument 



that, for basic necessities such as fuel, some foods, and clothing, it 
was fairer to get an equal ration than to restrict demand by raising 
the price. This contrasted with the very unhappy experience in the 
First World War, in which the free market had operated and there 
was rampant profiteering in the face of shortages. 

British feasibility studies suggest that perceived limitations of a 
carbon rationing system could be resolved; for example, concern 
about the capacity to efficiently administer and track people's 
carbon allowances is unfounded. The transaction costs of using a 
personal carbon 'smart card' would not be overwhelming and, in 
practice, would be less demanding than systems like Australia's 
Medicare health care scheme. 

We are already seeing the rising cost of energy, water, and food to 
households and consumers, for reasons including the increasing 
price of oil, international competition for secure energy supplies, 
and rising energy costs. These rises also reflect, in part, the higher 
cost of water, which is used in large quantities in coal-fired 
generators. One manifestation of the sustainability crisis that we 
can see today is increasing fuel poverty in lower-income households. 
Carbon rationing could exacerbate fuel poverty, but all measures 
that put a price directly on carbon, such as taxes, create this 
problem. Studies in the UK show that carbon allowances would be 
more progressive than a carbon tax. Even if the revenues from a 
carbon tax were recycled through the tax system as effectively as 
possible through targeted increases in benefits to low-income 
households, carbon rationing would still produce a fairer outcome. 

Either way, there is a need for government to mandate and 
provide resources for upgrading the energy efficiency of domestic 
and commercial buildings, and goods and services, so that people 
on low incomes do not face unmanageable costs. Such programs are 



well established in countries such as Germany and the United 
Kingdom. 

Personal carbon rationing appears more equitable than the 
alternatives. Because rationing works by imposing quantity 
restrictions at the outset, rather than by raising prices, it does not in 
itself increase the price of the household and personal energy 
consumed — provided that society takes steps to create an economy, 
including affordable goods and services, that does not require the 
emission of greenhouse gases. Rationing is also fairer than 
increasing taxes, because personal greenhouse-emission allowances 
provide free entitlements to individuals and only impose financial 
penalties on those who go above their entitlement, while providing 
an income supplement to those who use less than their entitlement. 
In general, people on low incomes use less energy and emit less 
carbon dioxide than average (particularly if personal air travel is 
included), while wealthier people consume more resources and are, 
therefore, responsible for a greater-than-average level of emissions. 
Wealthier people will need, on average, to buy allowances from 
poorer people, who are likely to use less than their ration. 

Rationing offers a number of other benefits. It is egalitarian, in 
that everyone gets an equal, free carbon allowance; it allows people 
to make choices and to create a personal carbon budget, which is 
more empowering than simply watching prices automatically go up; 
it encourages positive behavioural changes, in the knowledge that 
others, including businesses and the government, are also acting 
within the scheme; it helps address our depleting energy resources; 
and it is more effective in reducing emissions when targets are 
strong. 

David Miliband, then British environment secretary (and now 
foreign secretary), told an audience in 2006 that 'the challenge we 



face is not about the science or the economic ... it is about polities'. 
He said that carbon rationing can 'limit the carbon emissions by end 
users, based on the science, and then use financial incentives to 
drive efficiency and innovation'. 

It does not require much imagination to understand that the 
corporate 'big end of town' may see the idea of rationing as a direct 
challenge to their world and to their idea of a free market. They 
express the fear that strong action to make a safe climate possible 
will destroy the economic-growth machine. There are a number of 
responses to this. 

Their fear makes no distinction between the fate of an individual 
corporation and the fate of the economy at large. A safe-climate 
economy will differ greatly from the current one, and firms that are 
not adaptable, and that remain in the old economy mode, may fail. 
The economist Joseph Schumpeter famously described the modern 
industrial economy as unleashing gales of 'creative destruction', 
with waves of innovations sweeping away the innovations of an 
earlier time. While technologies, products, and organisations might 
wax and wane, the vibrancy of the economy, as a whole, can be 
maintained. 

For several decades to come, the challenge that we face will be to 
satisfy the basic human needs of more than six billion people while, 
at the same time, carrying out the most profound rebuilding of the 
world economy since the beginning of the industrial revolution. 
There is also the challenge to take at least 200 billion tonnes of 
excess carbon dioxide out of the air, and to help the world cool 
down in other ways while efforts to cut emissions to zero and draw 
down carbon dioxide take effect. 

Far from causing economic collapse, the challenge of this 
fundamental change is more likely to be in expanding productive 



capacity. This will require high levels of economic output and 
employment, in the service of achieving full-strength ecological 
sustainability. While those companies that choose not to contribute 
to this transition will lose out, the economy as a whole will prosper. 

The 'new business-as-usual' approach, in failing to understand 
the severity of the problem and the depth of action required, 
implements half- measures that will slow, but not stop, the onset of 
climate catastrophe, and that may worsen the situation. These 
half-measures usually build on the core competences of our 
materials-intensive economy, allowing companies to stick closely to 
what they already know: how to make more and more material 
goods while using up more and more 'ecological space'. 

Biofuels are a good example of one of these measures. This 
approach is not ecologically sustainable and cannot deliver the 
results we need over the medium to long term. As long as the 
dominant economic players try to solve the climate emergency by 
using the 'new business-as- usual' paradigm, there will, necessarily, 
be conflict between them and those adopting a truly sustainable 
approach. 

Can these forces be reconciled? In both approaches, economic 
growth is a key issue. To the 'new business-as-usual' side, it is a sign 
of success; to the other side, it is a measure of the rate of ecological 
destruction. But neither side is necessarily correct. 

 
Setting aside the question of whether economic growth should be 

a key goal, are there conditions in which economic growth could go 
on indefinitely, while still being ecologically sustainable? The 
answer is yes, in the following circumstances: 

 
 



• when the population is stable and not too large; 
• when the economy operates with a non-growing (effectively 
fixed) quantity of materials, energy, area of land, and water 
environment; 
• when the quantity of materials, energy, and ecological space is 
reduced dramatically, compared to the present, in order to 
provide for the restoration and maintenance of enough quality 
habitat for all other species and ecosystem services; 
• when resources are used with the utmost material efficiency; • 
when energy is renewable, and materials are recycled as close as 
possible to 100 per cent; and 
• when chemical intrusions into the environment are reduced 
to safe levels and do not systematically increase. 

 
These are some of the key requirements for achieving ecological 

sustainability. Importantly, when the focus is on the qualitative 
growth of service-value, rather than on pumping out more and more 
material production, economic growth could continue indefinitely, 
without clashing with ecological sustainability. Indeed, this is the 
model that evolution has worked on for at least the last several 
hundred million years. 

Economic growth is said to be central to economic development, 
but what actually drives the latter is innovation and invention. 
Economic growth per se is a red herring. 

The more committed a society is to economic growth, the more it 
must also be committed to fully eliminating its consequent negative 
environmental impact. A growth economy that ignores the needs for 
ecological and social sustainability will, in time, destroy its own 
foundations and, ultimately, collapse. 



For the duration of the sustainability emergency, economic 
innovators and advocates for ecological sustainability must work 
together to meet human needs and build a path away from climate 
catastrophe. This essential collaboration must rapidly take a radical 
new direction, away from the 'new business-as-usual' economy and 
to an ecologically and socially sustainable safe-climate economy.
  



CHAPTER 26 In the End 

If we are serious about creating a safe climate quickly, how much of 
the world's economic capacity should be devoted to making such a 
rapid transition? Some economic modellers and policy-makers have 
been bickering over tenths of a per cent, and fantasizing that the 
world might be able to avoid dangerous climate change while 99 per 
cent of the economy continues as before. 

We can't emphasise strongly enough our view that we must all 
devote as much of the world's economic capacity as is necessary, as 
quickly as possible, to this climate emergency. If we do not do 
enough, and do not do it fast enough, we are likely to create a world 
in which far fewer species, and a lot less people, will survive. It 
makes no sense to give high priority to producing yet more 'cream 
on the cake' when the very viability of the planet, as a life-support 
system, is at stake. 

We are close to blowing the system, as many leading figures are 
now saying with increasing urgency. At the 2007 Bali conference, 
UN chief climate negotiator Yvo de Boer said that reducing 
emissions by 25-40 per cent by 2020 would cap global warming to 2 
degrees, but that this could still result in 'catastrophic 
environmental damage'. 

It is now or never for truly radical action and heroic leadership. 
During the last global mobilisation, the Second World War, more 
than 30 per cent, and in some cases more than half, of the economy 
was devoted to military expenditure. 

 
 
 



As the table below demonstrates, that economic transformation was 
achieved in a few years: 

 

Source: Harrison, M. (2000) The Economics of The Second World 
War: six great powers in international comparison, Cambridge 
University Press 
 
As a rough estimate, A$300-$400 billion invested in renewable 

energy and energy efficiency in Australia would allow the nation to 
close every coal-fired electricity generator; it would transform key 
industries, and the rail and transport system, and provide a just 
transition for those who might be economically displaced by the 
changes. Much of that investment in energy efficiency would also be 
repaid, over time, in energy cost-savings. An investment of that size 
would be just 3-4 per cent of total economic production for 10 years, 
minus the energy savings, which is minuscule compared to the 
Australian war effort. Is it beyond a developed country's ability to 
identify 3-4 per cent of total personal consumption, government 
expenditure, and corporate activity that could reasonably be 



re-directed to this necessary task? It seems a very cheap up-front 
price to pay; and the nation would reap the rewards of this 
investment forever. 

Some will argue that the cost would be even lower, as the 
McKinsey & Company report on Australia suggested; however, that 
calculation was based on national emission cuts of 60 per cent by 
2050. Dealing with the real emergency, and the scientific 
imperatives it has unleashed, requires a much steeper and more 
rapid emissions-reduction curve, along with the introduction of 
cooling mechanisms. It also requires us to assist poorer countries 
which are less responsible for the predicament that the world faces, 
and less able to respond. 

One objection to this vision of a rapid transition to a post-carbon 
economy is that some power-generating companies may go out of 
business, undermining one of the great institutions of modern life: 
shareholder value. Through superannuation funds, many of us are 
shareholders in those electricity generators. But, in reality, some 
power plants are reaching the end of their anticipated life-spans and 
have already been depreciated. Others that aren't at this point may 
be compensated. Addressing this effect seems to present a far 
smaller challenge compared to letting coal-fired power stations, and 
other users of fossil fuels, wreck the climate. Contrary to a 
preoccupation with 'shareholder value', we suspect that most 
citizens would think the greatest 'value' would be a viable future for 
our planet, our lives, and our children; in other words, that they 
would welcome an end to the fossil-fuel industries and, in their 
place, the development of sustainable industries. The chorus of 
respectable voices, including that of Al Gore, calling for an end to 
era of coal-fired power generators is growing rapidly. 



Really, our main problem is political inertia, not the cost to the 
economy. It will cost an estimated US$130 billion to ensure that all 
Indian households enjoy access to electricity by 2030. Let us say that 
this cost would be doubled if it came from renewable sources. That 
would be $20 billion a year for 15 years, or around 3 per cent of the 
annual US military and intelligence budget (including Iraq and 
Afghanistan), which was US$700 billion in 2007. Just two years of US 
spending in Iraq and Afghanistan would more than pay the whole 
bill. So it is not a question of having the money; rather, it is a matter 
of the choice that we, and our governments, make about where to 
spend it. 

Wherever you look, the story is the same. It is estimated that it 
might cost an additional US$30 billion per annum to put in place 
safe-climate power supplies in countries outside the OECD. This 
would amount to less than 0.1 per cent of the total annual 
production within OECD countries. Compare that to a world war, 
during which antagonists devote a third of their economy, and often 
more, to military spending. 

Yet, while every nation on Earth is threatened by catastrophic 
global warming, most governments are still refusing to act with 
sufficient speed or financial commitment, exhibiting little courage, 
foresight, or capacity. 

Many of us — in business and at work, in climate-action groups, 
in the not-for-profit sector, and in political parties — know in our 
hearts that, in avoiding tackling climate change, these governments 
are showing poor leadership, and that the solutions which currently 
dominate national and global forums are inadequate. Sometimes, 
though, we dare to imagine that we could mobilise, on a great 
national and international scale, a very rapid transition to a 
safe-climate, post-fossil fuel, sustainable way of living. 



We now need to imagine such a course of action, because a 
sustainability emergency is not a radical idea. It has become 
necessary to save our future.
  



APPENDIX 
A Climate Code Red Scenario 
An effective way to introduce Climate Code Red to organisations is 
through a strategic 'planning scenario' that allows people to examine 
the problems in-depth without prior commitment. 

Scenario planning is a method used to examine alternative futures, 
ranging from those considered the most likely to less likely but 
significant possibilities. Exploring scenarios helps organisations to 
respond to change and unexpected events; for example, oil 
companies might run scenarios that examine the effect on their 
business of war in a large oil-producing country, or the implications 
for sales of a global recession. 

Scenario planning can identify features of the future that the 
organisation would like to help bring about, or new activities that 
position it well across a wide range of futures. It can also help to 
prepare contingency plans for less likely events or trends. 

Scenarios often distinguish between low and high threats, and 
partial and full responses. A plausible range of responses to a 
high-level climate threat could be: 

• failed cooperation (everyone for themselves), in which no real 
agreement is reached between the most influential players; 

• the agreement of critical parties on partial measures; and 
• the timely agreement of critical parties on safe-climate 

measures (full-strength measures that solve the problem). 
 

A single scenario does not account for all possible futures, but 
paints a picture that may reasonably occur, based on a set of specific 
choices or external events. Strategic planners can then explore the 
dynamics, consequences, problems, and opportunities that arise 



within the scenario, and examine the merit of different courses of 
action. 

Two key features differentiate our Climate Code Red worldview 
from other climate-change responses: it considers the climate threat 
to be larger, and more urgent, than most analysts suggest; and it 
proposes a full-strength response to achieve a return to a safe 
climate, rather than merely a slower onset of catastrophe. 

Here is one of several scenarios that could be drawn from Climate 
Code Red. 

The scenario trigger 

One summer, sometime between 2009 and 2013, all the Arctic 
Ocean sea-ice melts. It then reforms in winter, and completely melts 
again each summer thereafter, initiating warming that will, in time, 
cause a rise in regional temperatures of 5 degrees, and a global rise 
of 0.3 degrees, as light-reflective ice is replace by heat-absorbing 
dark seas. This causes an accelerated melting of the Greenland ice 
sheet — which is predicted, along with other factors, to increase 
global sea levels by up to 5 metres by 2100. 

Sea-level rise is exponential, starting slowly and quickening 
towards the end of the century, so that early solutions are very 
valuable. The increasing Arctic temperature also accelerates the 
melting of the permafrost soils, releasing additional large amounts 
of greenhouse gases, particularly in the second half of the century. 

Unless effective action is taken to tackle global warming, the 
current climate-trajectory already commits the Earth, over the 
longer term, to a temperature increase, compared to the 
pre-industrial temperature, of at least 3 degrees. This trajectory 
includes the fact that: 

• a rise of 0.8 degrees has already been experienced; 



• a rise of 0.5 degrees is predicted to occur over the next two 
decades; and 
• further warming (which, while taking some time to reach full 
measure, is already having an effect) is being caused by: 
• the loss of the Arctic sea-ice (0.3 degrees); 
• growing emissions from melting permafrost (0.7 degrees); and 
• air-temperature rises delayed by the warming of the oceans (0.7 
degrees). 
To these could be added warming from many other causes 

(including the increased frequency of forest fires), and the declining 
effectiveness of natural carbon sinks. 

If this potential temperature increase were to be realised, there 
would be catastrophic results for people and for other species.  

The possibility 
 

Eminent climate scientists have drawn attention to the increasing 
impact on the climate of positive feedbacks, which reinforce and 
amplify human-caused global warming in the natural world to 
produce much greater warming. But it is recognised that the reverse 
is also true: human actions that result in sustained climate cooling 
will trigger natural processes that drive further cooling, so that 
reaching a lower, safe global temperature is made easier. Scientists 
also suggest that the Arctic ice can be restored to its normal physical 
extent (as experienced during the past 10,000 years) relatively 
quickly — over perhaps a couple of decades — if there is modest 
cooling that returns the polar north to pre-1980 temperatures. 

Scenario values 

This scenario is premised on: 



• achieving a safe climate in the interests of all people, all species, 
and all generations; 

• a low acceptance of risk, as found in best-practice engineering; 
and 

• applying the principle of 'double-practicality' — action must 
happen in the real world and that must fully solve the problem 
— and the attitude that 'failure is not an option'. 

The conundrum 

At a practical and physical level, the scenario is based on a 
conclusion that has been drawn from the science that a safe-climate 
future is not possible if the Arctic icecap is permanently absent 
during the northern summer. 

It is estimated that, to restore the Arctic ice, the global 
temperature needs to drop by at least 0.3 degrees from the 2008 
level, and that the long-term level of greenhouse gases in the air 
needs to be in the range of 300-325 per million parts of carbon 
dioxide. To achieve this cooling, we need to set a greenhouse-gas 
emissions target at zero, and take other significant measures as well. 
In total, we need to draw about 200 billion tonnes of carbon out of 
the atmosphere, in order to reduce the heating effect of excess 
carbon dioxide already in the air, which will in turn fully restore the 
Arctic icecap in summer. 

However, as we cut carbon dioxide emissions, we also reduce the 
release of aerosols that accompany fossil-fuel combustion. Aerosols, 
on average, act as a cooling agent in the atmosphere, but are washed 
out of the lower atmosphere within two weeks; on the other hand, 
carbon dioxide is only removed from the atmosphere very slowly, 
and acts as a warming agent for hundreds of years. So if we stop 
burning fossil fuels, there will be a once-off temperature increase of 



at least 0.7 degrees, because the accumulated effect of past carbon 
emissions continues at the same time as the cooling effect of 
recently emitted aerosols is rapidly lost. 

This spike in temperature could be partially, but not fully, offset if 
a major effort is made to reduce the emission of short-lived 
greenhouse gases, such as methane and releases of black carbon. 

The removal of atmospheric carbon dioxide can be accomplished 
by growing biomass, converting it to biochar (which is largely 
carbon), and sequestering it in agricultural soils; or it can be 
accomplished by fully combusting the biomass, and sequestering 
the carbon dioxide in geological structures. Simply regrowing forests 
as a way of storing carbon will not produce enough cooling. Even 
large-scale biochar production, or combustion and sequestration 
methods, could take a large number of decades — perhaps as long 
as a hundred years or more — to initiate effective cooling. As more 
of Greenland melts and rising temperatures prompt other warming 
effects, even a transition of decades will prove to be too slow. 

What action should we take? 

At the time of writing, there were no scientific estimates in the 
peer-reviewed literature stating exactly how quickly the industrial 
restructuring and climate-system-change process would take to 
achieve a safe climate. The Climate Code Red scenario assumes that 
the industrial transformation needs to be as fast as can be made 
possible, for the following reasons: 

• the planet is already too hot, as is now particularly evident in 
the Arctic; 
• high rates of temperature increase will tear apart natural 
ecosystems; 



• extreme weather events and climate changes are already 
debilitating many people and nations; and 
• there are many unpredictable possibilities that could arise as a 
result of current greenhouse- gas levels and near-term 
temperatures: they may destabilise the tropical rainforests and 
cause their collapse after severe fire; they may destabilise the 
West Antarctic ice sheet and lead to a catastrophic release of ice 
into the oceans; and they may cause natural-system warming 
feedbacks so strong that human efforts to orchestrate cooling will 
no longer countervail the warming forces. 
The fastest restructure of a modern economy occurred during the 

Second World War, and it seems likely that, with full mobilisation, 
the industrial restructuring that is needed could be completed in 
about a decade. The Climate Code Red scenario assumes that society 
will, in due course, attempt to complete such an economic 
restructuring. This will stop greenhouse-gas levels in the air from 
rising, and will initiate the accelerated removal of excess carbon 
dioxide from the air; however, in view of the damage already being 
done by climate change, the beneficial effects of this transformation 
will almost certainly be too slow in coming. 

Two key issues arise in this scenario: 
• we have to stop emitting greenhouse gases quickly, because the 
more we emit, the bigger the eventual temperature rise will be; 
however, in cutting greenhouse gases that are generated by 
combusting fuels, the aerosol effect will cause a serious 
short-term temperature rise; and 
• we must stop the temperature from rising too fast, or too far, 
and we cannot allow high temperatures to persist for too long, 
otherwise too much damage will be done. 



In light of these issues, we will need to apply additional strategies. 
Direct cooling strategies that work by increasing the reflectivity of 
the Earth are most likely needed. These include taking actions that 
increase the cover of highly reflective cloud (for example, by 
boosting plankton growth in the oceans or by re-establishing 
forests), or injecting aerosols into the upper atmosphere (where they 
are not washed out by rain), which will also boost reflectivity. 

In the last 50 years, humans have been unintentionally 
geo-engineering the Earth on a huge scale by releasing into the air 
large quantities of greenhouse gases and partially countervailing 
aerosols. Enormous care will be needed to determine the extent to 
which direct cooling is needed, and to design and select direct 
cooling methods that can produce clear-cut environmental benefits. 
The use of temporary intentional geo-engineering for cooling 
purposes must not be used as an excuse to prolong the release of 
carbon dioxide. 

Economic and political consequences 
Under the Climate Code Red scenario, there are three enormous 
tasks that will absorb a sizeable portion of the global economy's 
productive capacity, particularly during the decade or so in which 
the bulk of the physical restructuring takes place: the global move to 
zero greenhouse-gas emissions in as short a period as is 
environmentally safe, the drawing down of many billions of tonnes 
of carbon from the air over the fewest possible number of decades, 
and the direct cooling of the Earth for as long as necessary. 
Directing a necessarily large part of the economy to the task of 
creating a safe climate is not seen as being possible under normal 
political conditions. 



The physical success of the scenario depends on sufficient action 
being taken by nations that produce most of the emissions and that 
have the economic and physical capacity to contribute to the 
drawdown of carbon dioxide and to direct cooling. To make this 
commitment socially possible, we assume that nations will conclude 
that they need to go into emergency mode; but the type of 
emergency action needed is of an unprecedented form. 

The dynamics of the climate-change challenge are different from 
those of the Second World War, during which the threat was 
palpable from the beginning. While many societies are now feeling 
significant climate impacts, the largest effects of the current level of 
greenhouse gases will be felt several decades into the future, and so 
the degree of action that is necessary now is much stronger than is 
justified by current impacts alone. 

All countries, no matter what their political system, whether 
liberal-democratic or not, will struggle to achieve the needed 
change unless they engage their communities in a deliberative 
process to learn about the climate-change issue, and help them to 
reach a genuine understanding of the severity of the problem and 
the necessity for urgent action on a huge scale. 

Questions to ask about the Climate Code Red scenario 
 

l.  How valid is the assessment of the climate science? Could the 
threat be as serious as is argued in Climate Code Red? 

2. Is it possible to avoid or reverse dangerous tipping points such as 
Greenland ice-sheet disintegration, sizeable permafrost carbon 
emissions, or the catastrophic conversion of rainforests (that is, 
the conversion of the Amazon to savannah grassland) if the 
Arctic remains free of sea-ice in summer? 



3. Who could give a well-informed assessment of the science 
arguments in Climate Code Red, given that much of the science 
relied on goes beyond the current IPCC consensus? 

4. If the scientific conclusions of Climate Code Red are reasonable, 
are the proposed responses appropriate? For example: 
• How necessary are the ethics of creating policy for the benefit 
of 'all people, all species, and all generations', and the ethics of 
being risk averse? 
• Is the idea of going for a 'safe climate' rather than just avoiding 
dangerous (catastrophic) climate change a sound response? 
• How accurate is the idea that the required solutions go so far 
beyond business-as-usual that a sufficient response is possible 
only by establishing the problems as an emergency? 

5. How might the problems of the aerosol conundrum, or of 
establishing a cooling mechanism at a sufficient pace and scale, 
be resolved? 

6. How could the detailed action specifications of the Climate Code 
Red scenario be improved? 

7. Will your organisation take a proactive position on a 
'safe-climate' future, or will it act neutrally, or in opposition, to 
such a future?  

8. Will your organisation prepare itself to prosper, or function well, 
in a 'safe-climate' future? 

Note: Updated versions of the scenario will be available at 
www.climatecodered.net

http://www.climatecodered.net/�
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