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Foreword
Climate Safety in presenting this examination of recent climate science brings two important 
messages. The first is that climate change is accelerating more rapidly and dangerously 
that most of us in the scientific community had expected or that the IPCC in its 2007 Report 
presented. The second is that, because political inaction has delayed progress for so long, the 
imperative for extremely urgent action on both national and global scales is now paramount.

The target that has been broadly accepted by many bodies including our own Government is 
that a rise in global average temperature of more than 2°C above its preindustrial value must 
not be allowed. To achieve this, deforestation must be halted within a decade or two at most 
and serious decarbonization of the energy sector must begin immediately. Can the necessary 
reductions be achieved? No less a body than the International Energy Agency has just reported 
(WEO 2008 published on 12 November 2008, also ETP published in June 2008) on how this 
target in the Energy sector can be achieved – but they also point out the unusual degree of 
political will that will be necessary. 

I wish to commend the authors of the Climate Safety report for their carefully researched 
assessment of the climate future, the severity of its likely impacts as currently understood 
and the urgent demands that are made on both global and national action. They point out the 
2°C target as currently pursued will almost certainly turn out to be inadequate and will soon 
need to be substantially strengthened. But they also stress that the required changes are both 
achievable and affordable.

In a speech at an international conference three years ago, Gordon Brown emphasised strongly 
the importance of considering the economy and the environment together. Recent upheavals 
in the economic establishment have exposed the danger of assuming that somehow the future, 
either for the economy or the environment, will look after itself. It will not!

The present opportunity for deliberate and effective action along the lines of Climate Safety 
must be grasped.  

Sir John Houghton
Former Co-Chair of the Intergovernmental Panel on Climate Change (IPCC) 
Former Director General of the UK Met Office
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Summary
Science

Following the record 2007 melt in Arctic summer sea ice 
extent, 2008 saw a record low in sea ice volume. Arctic 
climate scientists are now predicting an Arctic ocean 
ice-free in summer by 2011-2015, eighty years ahead of 
predictions made by the Intergovernmental Panel on 
Climate Change (IPCC). Contrary to what the media 
coverage suggests, the significance of an earlier-than 
predicted Arctic melt extends beyond displaced polar 
bears and easier access to oil and gas.

An early Arctic melt will cause additional heating, as 
a shrinking ice cap reflects less sunlight into space; 
additional greenhouse gas emissions, as the ensuing 
regional warming melts frozen permafrost; and 
additional sea level rise, as the Greenland ice-sheet 
comes under increased temperature stress.

Furthermore, the Arctic melt is taking place in the 
context of faster change in the climate than the IPCC 
have predicted. It is clear that the IPCC’s predictions 
of future sea-level rises are underestimates. Potential 
predicted sea level rises would put us in the region of 
impacts orders of magnitude greater than any we have 
seen to date. Carbon sinks – which provide the Earth’s 
natural capacity to draw carbon out of the atmosphere 
– are degrading as temperatures rise and ecosystems 
are destroyed. The Earth’s sinks have up to this point 
absorbed almost half of all man-made emissions – we 
may not be able to rely on them to do so in the future. 
Ecosystems, already under pressure from human 
activity, are proving more vulnerable to temperature rise 
than anticipated. 

Change is happening ahead of schedule. This suggests 
that the climate is more sensitive that we thought – 
demonstrating that although the overall direction of 
climate change is very clear, there are still significant 
uncertainties about its speed, and details of specific 
regional impacts.

Targets

Statements about targets for emissions reductions 
inevitably simplify real-world complexity. However 
useful it might be politically to state that a particular 
level of cuts in emissions will lead to a particular 
atmospheric concentration of greenhouse gases, which 
will deliver a particular temperature rise, it is not helpful 
in gaining a true appreciation of the actual uncertainties 
involved.

The challenge is to draw sophisticated and powerful 
conclusions about the targets we should set based on a 

set of very disparate information about the impacts of 
climate change. One valid way to make generalisations is 
to examine the concept of “climate sensitivity” – the tool 
used for converting atmospheric concentrations of CO2 
into temperature rise.

The higher climate sensitivity is, the more the climate 
changes in response to greenhouse gases. The IPCC 
estimate a range of values for climate sensitivity - from 
low to high, with a mid-range “best estimate”. Their 
scenario modelling work is based on this “best estimate” 
figure. They note that policymakers, to reduce the risk 
of impacts, may want to take the higher end of the 
range for setting policy. However, assuming a higher 
figure means that none of their suggested scenarios for 
emissions reductions limit temperature rise to below 
two degrees. Furthermore, the upper end of the range 
of climate sensitivity may be even higher than that 
suggested by the IPCC.

The observed impacts of climate change suggest that 
the climate is more sensitive than thought. The higher 
sensitivity is, the lower the targets we need to set to 
meet a particular temperature rise. This should suggest 
that we set lower targets as a very basic precautionary 
principle. If climate sensitivity is higher we may already 
be past the atmospheric concentration which will 
ultimately deliver 2°C of temperature rise.

As a society we are preparing for a medium-sized 
climate problem, despite evidence that points to the 
problem being greater than we had anticipated. Instead 
of relying of an illusion of certainty, we need to manage 
the risks of climate change responsibly. This means 
reducing atmospheric concentrations to within the 
range that we know the climate will maintain stability 
– 300 ppmv CO2 equivalent. This would rule out a 
domino effect of sea-ice loss, albedo flip, a warmer 
Arctic, a disintegrating Greenland ice sheet, more 
melting permafrost, and knock-on effects of massively 
increased greenhouse gas emissions, rising atmospheric 
concentrations and accelerated global warming. 

Any proposal for a target higher than 300ppmv would 
imply confidence that it is safe to leave the Arctic sea 
ice melted. If we currently have such confidence, it 
is misplaced. 300ppmv is below current atmospheric 
concentrations, but we can achieve it if we act now, 
because of the delay in how the climate system responds 
– if we can lower the atmospheric concentrations this 
century the system may never reach the full level of 
warming we are due to receive.

This reflects a key point – that the climate is not 
warmed by our current level of emissions, but rather 
by the cumulative amount of greenhouse gases 
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in the atmosphere. We may be able to reduce our 
current emissions relatively quickly, but reducing the 
atmospheric stock means first bringing our emissions 
levels below the natural carbon sink capacity of the 
planet, and then waiting for that capacity to reduce the 
stock – a process which will take a lot longer. Crucially, 
this means that cutting emissions 80% will not solve 80% 
of the problem.

The scale of the challenge is daunting. Even under 
optimistic assumptions, meeting it will require emissions 
peaking globally by 2015 or sooner, and unprecedented 
rates of emissions cuts. Whatever our future target for 
emissions stabilisation – 450, 350, 300 – we ought to be 
doing much more than we are now. Unless we make 
emissions cuts in the short term the kinds of stabilisation 
levels we have been talking about will not be possible. 
We must race out of carbon – once this process is well 
under way we can have arguments about what level 
of atmospheric concentration we want. We must stop 
pretending that our current course of action will get 
us what we need. We need a programme of change 
altogether more ambitious.

Solutions

In the next two years the UK should cut its emissions by 
10% - reversing current trends of actual UK emissions 
growth and peaking our emissions early. Delivering 
short-term actions provides the essential foundation for 
mid-term policies and long-term targets.

We should then cut our emissions as close to zero as 
possible over the next 2-3 decades, delivering a clear 
message of intent and urgency to the rest of the world. 
At the same time we should be preserving the UK’s 
carbon sinks and funding adaptation around the world.

Cutting emissions to this degree means decarbonising 
the UK – a programme of action which combines 
wide-ranging energy efficiency measures, the rapid 
deployment of diverse and distributed renewable 
technologies, and encouraging significant behavioural 
change. We will have to integrate our transport system 
with a renewably powered national grid, and make 
sweeping changes in the way we insulate, heat and 
build our houses. Agriculture will be faced with the twin 
challenges of decarbonising and adapting to a warmer 
world.

Implementing this plan will require that we overcome 
significant obstacles – such an energy system can 
compete in terms of cost with our current fossil-fuel 
powered system, but will require significant investment 
in the short term. This is a clear opportunity for 
Government to invest in a sustainable future – raising 

Government energy bonds against the profits to be 
made from exporting renewable energy to the rest of 
Europe. Creating a planning system which can quickly 
and sensitively increase renewable capacity, building 
a national grid which can integrate and balance large 
amounts of renewable power, and investing to overcome 
skills shortages and supply constraints which are 
preventing rapid growth in this dynamic sector.

We may also need to explore options beyond 
decarbonisation. These are poorly understood at present 
– so-called ‘geoengineering’ technologies are highly 
problematic and most can be dismissed out of hand. 
However, there should be further research into less 
risky proposals – drawing carbon out of the atmosphere 
using natural processes, and ‘direct air capture’, as well 
as into cloud-seeding ships and certain forms of albedo 
adjustment.

International action will be required to solve the 
problem, but it is not a prerequisite for acting. The 
UK can take unilateral action, and with the currently 
underdeveloped and valuable asset of our huge 
renewable potential, is well-placed to do so. In this way, 
the UK could help unpick the international deadlock 
which has prevented faster action on climate change.

Action

Current large-scale policy responses to the problem have 
failed to deliver the change we require, and indeed have 
failed to deliver emissions reductions at all. The UK 
Climate Change Bill is a welcome step forward, but the 
situation we are in will require more ambitious action. 
To deliver the change we need, we will have to overcome 
the social and political blockages which have kept us 
from addressing the problem. 

It will be necessary to mobilise public will to break 
the logjam of political progress. Different groups in 
government, civil society and the public have important 
roles to play. Rapid societal shifts are not only possible; 
they are a regular feature of the way our society works. 
Although the challenge may seem daunting, we still 
have the time and agency to respond. By front-loading 
the action we take to reverse current trends of emissions 
growth, cutting our emissions in the UK 10% in the next 
few years, and in seeking to scale up a response that 
meets the scale of the challenge, we can manage the 
risks to which we are exposed and act with agency and 
purpose.

.org
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Introduction
 “Arctic ice second-lowest ever; polar bears affected”

Reuters Headline, August 27th 2008

“What happens in the Arctic actually does not stay in the Arctic.”

Richard Spinrad, NOAA

The annual summer warming of the Arctic in 2008 was watched closely by an army of 
expert observers and other interested parties around the world. Organisations such as 
the US National Oceanic and Atmospheric Administration (NOAA)3 published near-
daily updates on the state of the Arctic sea ice, which every year recedes from its winter 
maximum as the summer comes to the far north. The reason for this scrutiny was the 
record low level of Arctic sea ice extent observed in summer 2007, when an area of ice 
nearly the size of Alaska melted. The modern Arctic is a very different place to the Arctic of 
the past.

There is a large and growing gap between the predictions of how climate change will 
impact on the planet produced by the Intergovernmental Panel on Climate Change (IPCC), 
and the impacts that are already observable. This has profound consequences for climate 
policy, the setting of emissions reductions targets and the question of whether we have 
already passed critical tipping points in the Earth’s climate system.

The question is no longer what must we do to avoid ‘dangerous climate change’. Climate 
change is already dangerous. The signs are evident globally: in the polar north; in the 
Darfur famine; in Australia’s record 12-year drought; in the huge and devastating Greek 
and Californian wildfires of 2007; in the dying coral in the Caribbean and Australia’s 
Great Barrier Reef; in changing monsoon patterns; in widespread species losses; in the 
degradation of ecosystems across the globe; and in impacts on regional food-production in 
South East Asia and East Africa.

The UN’s emergency relief coordinator, Sir John Holmes, warned in 2007 that 12 of the 
13 major relief operations that year had been climate-related, and that this amounted to a 
climate change “mega-disaster”.4

This report considers recent developments in the observed ‘on-the-ground’ physical 
impacts of climate change, what they indicate about our understanding of the problem, 
and how Britain should respond.
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The Arctic
Every year, the Arctic sea ice melts from its winter 
maximum extent to a summer minimum. In 2007 the 
melt was a record event, with sea ice ‘extent’ (roughly 
equivalent to area5) 39% below the summer average for 
1979–2000, and 23% below the previous record low set 
in 20056 – a loss of area since the 2005 low equivalent to 
nearly five United Kingdoms.7 Another record low in sea 
ice extent was avoided in 2008 due to calmer and cooler 
regional weather which broke up the ice less quickly. 

Julienne Stroeve of the US National Snow and Ice Data 
Center (NSIDC) commented “I hate to think what 2008 
might have looked like if the weather patterns had set up 
in a more extreme way.”8 Nevertheless, 2008 saw a record 
low in the summer volume of sea ice,9 which was almost 
70% lower than the minimum volume in 1979.10

Arctic ice is in its death spiral.

Mark Serreze, NSIDC

Mark Serreze, a climate scientist at NSIDC, told the 
Guardian in 2007 “It’s amazing. It’s simply fallen off a 
cliff and we’re still losing ice.”11 By 2008 his language had 
become even stronger: “No matter where we stand at the 
end of the melt season it’s just reinforcing this notion that 
Arctic ice is in its death spiral.”12

Summer Arctic sea ice appears to 

be disappearing more than 80 years 

ahead of the IPCC’s prediction.

As predicted, winter sea ice extent is also declining steadily 
as a result of global warming.13 Moreover, winter ice is 
thinning at record rates, with thickness decreasing by 
19% last winter compared to the previous five14 – which 
suggests that the rate at which extent is declining may soon 
increase too. It is not just the thickness of ice that is causing 
concern: as a result of the record melts, existing ice is now 
much younger, and prone to break up more easily (Fig 1.2).

What the science is telling us

Fig. 1.1 Arctic sea ice extent. Satellite imagery of sea ice extent in September 
1979, and at a record low in September 2007. Source: NASA

“It is clear that climate change is already having a greater impact than most scientists had anticipated, so it's vital 
that international mitigation and adaptation responses become swifter and more ambitious.”1

Professor Jean-Pascal van Ypersele, Vice-Chair of the IPCC

“It also means that climate warming is coming larger and faster than the models are predicting and nobody’s really 
taken into account that change yet.”2

Jay Zwally, NASA Climate Scientist
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Given the unprecedented changes seen in recent years, 
many Arctic scientists are now predicting an ice-free 
summer Arctic by somewhere between 2011 and 2015.15,16,17 
Wieslaw Maslowski of the Naval Postgraduate College in 
California predicts an Arctic Ocean free of sea ice by the 
summer of 2013, but notes that on the basis of data from 
2007 and 2005, this prediction could already be seen as 
too conservative.18 Louis Fortier, scientific director of the 
Canadian research network ArcticNet, believes that the 
ocean could be ice-free in summertime as soon as 2010,19 
while NASA climate scientist Jay Zwally suggests 2012.20 
Commenting on such early predictions, Dr Walt Meier 
at the NSIDC said “Five years ago that would have got 
someone laughed out of the room; but no-one’s laughing 
now.”21

To put this in the context of IPCC predictions, according 
to the 2007 IPCC report “summer sea-ice is projected 
to disappear almost completely towards the end of the 
21st century.”22 Summer Arctic sea ice thus appears to 
be disappearing more than 80 years ahead of the IPCC’s 
prediction, even though this was made as recently as 2007.

Contrary to what the media’s 

coverage may suggest, the 

significance of the Arctic melt is not 

simply a matter of displaced polar 

bears, new shipping routes, or easier 

access for oil and gas companies.

Fig 1.3 Predicted Arctic melt. Minimum summer sea-ice 
extent, observed and predicted, 1950-2100. Arctic ice extent 

loss observed to September 2007 (black line) compared to 
IPCC modelled changes (grey backgrounds and dashed black 

lines, mean as red line) using the SRES A2 scenario (high 
greenhouse gas emissions). The dashed pink line represents 

the trajectory predicted by some Arctic scientists (see above). 

Original Source: Dr Asgeir Sorteberg. Bjeknes Centre for 
Climate Research and University Center at Svalbard, Norway.

Fig 1.2 Age of Arctic sea ice. The image on the left shows the age of sea-ice at its minimum (summer) extent in September 1989, the right 
depicts the equivalent point in 2007. Source: Dr. Ignatius Rigor, Polar Science Center Applied Physics Laboratory, University of Washington
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Consequences of early 
Arctic sea ice loss
An earlier than predicted onset of ice-free arctic summers 
will cause additional heating, additional greenhouse gas 
emissions and additional sea level rise, over and above 
those foreseen by existing climate models. As NOAA 
deputy chief Richard Spinrad says, “What happens in the 
Arctic actually does not stay in the Arctic.”23

Additional heat in 
the Earth system 
Albedo is a measure of the reflectivity of the Earth’s 
surface. White ice has an albedo of between 0.8 and 0.9 – 
meaning that it reflects between 80% and 90% of the solar 
radiation it receives. As a result, the Arctic sea ice cap 
reflects the great majority of the sun’s energy that hits it. 
However dark surfaces, such the sea, can have an albedo 
of less than 0.1 – meaning that as the Arctic ice caps reduce 
in extent, and cloud cover is low, the larger area of exposed 
ocean will ‘flip’ from reflecting between 80% and 90% of 
the sun’s energy to absorbing around 90% of it – a process 
known as the ‘albedo flip’.

Most IPCC models lack a robust treatment of sea ice 
processes.24 Rapid sea ice loss events, where significant ice 
loss occurs over a 5–10-year period, are included in some 
IPCC models, but are assumed to occur only in the second 
half of this century. A team of researchers led by David 
Lawrence at the US National Center for Atmospheric 
Research (NCAR) has found that, should rapid sea ice 
loss events occur, there will be “a strong acceleration of 
Arctic land warming” – broadly due to the albedo flip. This 
increased land warming would be on average 3.5 times 
that previously predicted by models, involving in some 
coastal regions an average 5°C temperature rise over the 
same 5–10 year period.25 (see figure 1.4, below).

Projections of the global implications of this warming of 
the Arctic region are lacking, as there are currently no 
climate models that predict an ice-free Arctic as early as it 
now seems likely to occur. It is therefore difficult to predict 
the global temperature effects of such a regional heating. 
What we do know is that an Arctic free of summer sea ice 
will be absorbing extra heat into a global climate system 
already struggling with an overabundance of it. 

An early arctic melt will cause 

additional heating, additional 

greenhouse gas emissions and 

additional sea level rise, over 

and above those foreseen by 

existing climate models.

Additional greenhouse gas 
emissions in the atmosphere
Permafrost is permanently frozen, often carbon-rich soil 
mainly found in the northern latitudes of Russia, Europe, 
Greenland and North America, usually defined as soil that 
has remained below freezing for at least two winters and 
the summer in between. Recent research has shown that 
permafrost contains twice as much carbon as previously 
thought26 – in total 1,672 billion tonnes of carbon 
worldwide, equivalent to more than double the 750 billion 
tonnes in the atmosphere today. As permafrost melts it 
releases carbon into the atmosphere in the form of carbon 
dioxide or methane. 

As the summer ice-melt increases, the Arctic region 
will warm significantly, as noted above. The increased 
warming will penetrate up to 1,500km inland, covering 

Fig 1.4 Simulated future Arctic temperature trends. Regional heating of the Arctic following rapid sea ice loss events. Following such 
events, heating extends up to 1500km inland from the sea. Source: Steve Deyo, ©University Corporation of Atmospheric Research
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almost the entire region where permafrost is described 
as ‘continuous’ – in other words where it is permanently 
frozen and its carbon locked away.27 The NCAR researchers 
found that accelerated Arctic land warming “may trigger 
rapid degradation of currently warm permafrost and 
precondition colder permafrost for subsequent degradation 
under continued warming”.28 

If sea-ice continues to contract 

rapidly over the next several years, 

Arctic land warming and permafrost 

thaw are likely to accelerate.

David Lawrence, NCAR

As David Lawrence of NCAR observes, “if sea-ice 
continues to contract rapidly over the next several years, 
Arctic land warming and permafrost thaw are likely to 
accelerate.”29 This would inevitably lead to substantial 
greenhouse gas emissions from the permafrost. This 
alarming scenario seems all the more likely in view of a 
2006 field study which found rapid degradation in key 
elements of the permafrost “that previously had been 
stable for thousands of years.”30

The potential climate impacts of such emissions are 
enormous: according to Sergei Zimov, chief scientist at 
the Russian Academy of Sciences’ North-Eastern Scientific 
Center “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 [as 

a result of melting permafrost] … the Kyoto Protocol will 
seem like childish prattle.”31

Yet it appears that this phenomenon has already begun to 
take effect. The 2007 UN Environment Programme (UNEP) 
report Global Outlook for Ice and Snow32 reports that

Rising temperatures and the thawing of frozen 
land or ‘permafrost’ is triggering the expansion 
of existing – and the emergence of new – water 
bodies in places like Siberia. These are bubbling 
methane into the atmosphere with emissions so 
forceful they can keep holes open on the lakes' icy 
surfaces even during sub-zero winter months.33

Even more alarming, says Oliver Frauenfeld of the NSIDC, 
is that “permafrost is not incorporated at all in any global 
climate models right now.”34 We simply do not know 
how much carbon could be released from the melting 
permafrost, nor do we know the proportion which would 
be released in the form of methane, a greenhouse gas 
25 times more potent than carbon dioxide (CO2). David 
Lawrence has suggested we will only have some idea of 
potential permafrost carbon release once it is modelled, but 
this could take “years”.35 

There is also a possibility that 

regional warming could trigger 

the release of methane deposits 

below the Arctic Ocean.

Fig 1.5 – Carbon content. Volumes of total carbon content estimated in billion tonnes. Sources: Schuur et al., UNEP, CDIAC.
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There is also a possibility that regional warming could 
trigger the release of methane deposits below the Arctic 
Ocean, which would have an impact of even greater 
magnitude than the thawing of the permafrost. After 
a recent expedition to the East Siberian Sea, Dr Orjan 
Gustafsson of Stockholm University reported the following 
findings: 

we documented a field where the release was so 
intense that the methane did not have time to dissolve 
into the seawater but was rising as methane bubbles to 
the sea surface … The conventional thought has been 
that the permafrost ‘lid’ on the sub-sea sediments on 
the Siberian shelf should cap and hold the massive 
reservoirs of shallow methane deposits in place. 
The growing evidence for release of methane in this 
inaccessible region may suggest that the permafrost 
lid is starting to get perforated and thus leak methane 
… We have found elevated levels of methane above 
the water surface and even more in the water just 
below. It is obvious that the source is the seabed.36 

These preliminary results are cause for concern – the East 
Siberian shelf is around 1,500,000 square kilometres in 
size, over four times the size of Germany, and contains an 
estimated 1,400 billion tonnes of locked up carbon.37 

If the Arctic is ice-free in summer, within the next decade 
a warmer ocean could lead to the thawing of significant 
volumes of methane from the sea bed.

Worryingly, global methane levels already appear to be 
on the rise. MIT researchers have found that since early 
2007, several million additional tons of methane have 
been released into the atmosphere, ending a period of 
stability in methane levels during the 1990s.38 What has 
caused this increase is not yet known. It seems unlikely to 

be directly from human sources, since the past decade has 
seen concerted efforts to control manmade methane from 
landfill and gas leakage.39 In the context of the observed 
warming of Arctic permafrost over the last several 
decades40, it seems likely that the thawing of this carbon-
rich soil will have played a part in increasing methane 
emissions levels, which makes further research into 
warming permafrost and peat bogs a priority.

The East Siberian shelf contains 

an estimated 1,400 billion 

tonnes of locked up carbon.

Additional sea level rise
Arctic sea ice melt will not raise sea levels – floating sea 
ice does not displace more water as it melts. However, as 
noted above, when the Arctic becomes ice-free in summer, 
the region will warm rapidly,41 and this warming will 
extend up to 1,500km inland. In this event, the Greenland 
ice sheet will come under ever greater warming pressure. 
The ice sheet contains 2.9 million cubic kilometres of 
ice – the second largest body of ice on earth, holding 
6% of all fresh water on the planet. Research in 2004 
published in Nature, suggested that Greenland’s ‘critical 
melt threshold’ is 3°C of regional warming.42 If this point 
is passed the ice sheet is likely to melt away completely, 
leading to an eventual sea level rise of around 7 metres. 
By considering IPCC emissions scenarios, researchers 
concluded that the “Greenland ice-sheet is likely to be 
eliminated by anthropogenic climate change unless much 
more substantial emissions reductions are made than those 
envisaged by the IPCC.”43

Fig 1.6 – Permafrost coverage in the northern hemisphere. Source: UNEP



Targets Solutions ActionScience

11

The question is, how long would the melt take? It is 
important to understand the timescale over which this 
will occur – according to the Nature article the ice sheet 
will disappear “over the next 1,000 years or more.”44 
However, new research published in 2007 is suggesting 
that the Greenland and Antarctic ice sheets are already 
melting faster than predicted by existing global climate 
models, (see below), and that “In both continents, there 
are suspected triggers for the accelerated ice discharge … 
and these processes could rapidly counteract the snowfall 
gains predicted by present coupled climate models.”45 
Thomas Mote of the Climatology Research Laboratory at 
the University of Georgia found the summertime melt in 
Greenland in 2007 to be the most severe to date, 60 per 
cent worse than the previous highest level, in 1998.46 The 
edges of the ice sheet are melting up to 10 times more 
rapidly than earlier research had indicated, and the ice-
sheet height is falling in places by up to 10 metres a year.47 
James Hansen, head of NASA’s Goddard Institute for Space 
Studies, has stated that it is difficult to see how a warming 
Arctic which had lost its summer sea ice could maintain 
the Greenland ice sheet.48 

It is difficult to see how a 

warming Arctic which had lost its 

summer sea ice could maintain 

the Greenland ice sheet.

James Hansen

The planet is changing 
faster than the 
IPCC predicted
Sea levels will rise faster
 It is already clear that the range of sea level rise (18–
59cm by 2100)49 projected in the 2007 IPCC report is an 
underestimate – the IPCC themselves noted that their 
projection does “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.’50 

As Michael Oppenheimer of the IPCC and several 
colleagues have noted, rapid, dynamic ice sheet melting 
processes in Greenland and the West Antarctic, “have 
already had a significant effect on sea level over the 
past 15 years and could eventually raise sea level by 
many meters”.51 Oppenheimer adds that existing IPCC 
models that fail to take account of such processes “cannot 
fully explain observations of recent sea level rise, and 
accordingly, projections based on such models may 
seriously understate potential future increases”.52

In 2007, Stefan Rahmstorf of the Potsdam Institute for 
Climate Impact Research published research which 
suggests that, taking account only of sea level rise trends 
during the 20th century (and without including an 
assessment of ‘dynamic’ ice sheet melt processes), under 
IPCC scenarios for future emissions we would see a sea 
level rise in 2100 of between 0.5 and 1.4 metres above 1990 

Fig 1.7 – Would Greenland be unaffected? How long before we see this image in reality? If predictions that 
the Arctic could be ice free in summer as soon as 2011-2015 are realised, rising ocean and atmospheric 

temperatures will put increasing pressure upon the Greenland ice sheet.  Unmodified source: NASA.
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levels.53 These conclusions are supported by a series of 
other studies. For example, research published in January 
2008 by Dr Eric Rignot and six of his colleagues found that 
ice loss in Antarctica increased by 75% in the decade to 
2006 as a result of a speed-up in the flow of its glaciers.54

Sea level rise in between 80cm 

and 2 metres places us firmly 

in the region of impacts orders 

of magnitude greater than 

any we have seen to date.

A study by the British Antarctic Survey, using satellite 
imagery, tracked 300 previously unstudied glaciers in 
Antarctica and concluded that they were losing ice faster 
than the IPCC reported in 2007 and thus leading to greater 
sea level rise than predicted.55 The researchers suggest 
in their report that “mass loss from West Antarctica is 
probably large enough to outweigh mass gains in East 
Antarctica and to make the total Antarctic sea level 
contribution positive.”56

In a 2007 paper published in Science, researchers at the 
Institute for Arctic and Alpine Research in Colorado 
conclude that “glaciers and ice caps are currently 
contributing about 60 percent of the ice delivered to the 
world’s oceans and the rate has been markedly accelerating 
in the past decade.”57 They show that ice loss from 
mountain glaciers has been underestimated by existing 
climate models, and could contribute as much as an 
additional 0.25 metres of sea level rise by 2100.58

Beyond even the aforementioned predictions by Stefan 
Rahmstorf, using an analysis based on palaeoclimatic data 
a team of researchers led by NASA scientist James Hansen 
has argued that non-linear increases in melting of the 
Greenland and West Antarctic ice sheets could lead to sea 
level rise of between 0.5–0.6m on 1990 levels by 2050 and 
“in the order of metres”59 toward the end of the present 
century. A recent study in Nature60 argues that the rise over 
the century is likely to reach around 80cm, but rises of up 
to 2 metres cannot be ruled out.

While it is concerning that there is a growing body of 
opinion that sea level rises are likely to be greater than 
IPCC predictions, we should not fixate on whether sea-
level rise by 2100 is 1, 2 or 5 metres. Discussing sea level 
rise in between 80cm and 2 metres places us firmly in the 
region of impacts orders of magnitude greater than any we 
have seen to date; in his 2006 report to the UK Government 
on the economics of climate change, Sir Nicholas Stern 
described the consequences of a 1 metre sea level rise: 

currently, 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.”61

Carbon sinks are more 
vulnerable to temperature rise
At present, the Earth’s carbon sinks effectively provide 
us with a 50% discount on our greenhouse gas output, by 
absorbing almost half of all anthropogenic emissions.62 
Their ongoing survival is vital in helping us to stabilise our 
climate, but their future is uncertain. The Southern Ocean 
sink, making up about 15% of the Earth’s total carbon 
sink capacity, has suffered a reduction in efficiency of up 
to 30% over the last 20 years.63 Scientists have attributed 
this to the strengthening of winds around Antarctica, 
which has enhanced the ventilation of carbon-rich deep 
waters, speeding up their release of carbon into the 
atmosphere.64 Corinne Le Quéré of the University of East 
Anglia states “climate change itself is responsible for the 
saturation of the Southern Ocean sink.”65

At present, the Earth’s carbon sinks 

effectively provide us with a 50% 

discount on our greenhouse gas 

output, by absorbing almost half 

of all anthropogenic emissions.

A paper in Nature by NOAA’s John Miller concluded, on 
the basis of two decades of data from more than 30 sites, 
that due to changes in autumn plant respiration (and 
despite an increase in forest cover attested by satellite 
images) the ability of forests in the frozen north to soak up 
CO2 was less than predicted by current models.66 Tropical 
forests, as well, may draw down carbon less efficiently as 
temperatures rise. An October 2008 study in Geophysical 
Research Letters concluded that due to an increase in 
tropical forest temperatures and a reduction in cloud 
cover, photosynthesis (and thus CO2 sequestration) in 
tropical forests may be more sensitive to temperature than 
predicted. The authors conclude that "[the forest studied] 
appears to be close to a high temperature threshold, above 
which CO2 uptake drops sharply.”67 

Studies suggest that this reduction in the capacity of 
carbon sinks is happening earlier than the IPCC has 
anticipated.68,69 As Dr Pep Canadell, executive director 
of the Global Carbon Project, puts it, “Fifty years ago, 
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for every tonne of CO2 emitted, 600kg were removed by 
land and ocean sinks. However, in 2006, only 550kg were 
removed per tonne and that amount is falling.”70 

As temperatures rise, sink capacity will degrade further 
and stores of carbon will start to release it into the 
atmosphere. A 2008 study, published in Nature Geoscience, 
states that in northern peatlands “a warming of 4°C causes 
a 40% loss of soil organic carbon from … shallow peat and 
86% from … deep peat”71. This is particularly worrying, as 
northern peatlands are a significant carbon store, holding 
between 180 and 460 billion tonnes of carbon; to put this 
figure in context, the entire atmosphere holds around 750 
billion tonnes.

Ecosystems are proving 
more vulnerable to climate 
change than anticipated
Yadvinder Malhi of the Environmental Change Institute 
(ECI) in Oxford leads a team which has concluded that 
Amazonia is warming at 0.25°C per decade, a rate 25 times 
faster than the temperature increase at the end of last ice 
age.72 As a result, recent periods of drought in parts of the 
region have increased the frequency of forest fires. With a 
total biomass store of 120 billion tonnes of carbon across 
Amazonia and predictions of increasing drought in the east 
of the region, there is the potential for the release of large 
amounts of stored carbon by wildfires. A review of climate 
tipping points, led by Tim Lenton of the University of East 
Anglia, and published in early 2008, states that Amazon 
dieback could happen in less than 50 years. 73

A wide-ranging study led by the Goddard Institute of 
Space Studies found that anthropogenic warming was 
already causing “significant changes in physical and 
biological systems … on all continents and in most 
oceans”;74 it concluded that 90% of changes in biological 
systems over the past 38 years were consistent with 
warming trends, and suggested that warming is likely to 
be a huge driver of shifts in ecosystems. The lead author 
of the report, Dr Cynthia Rosenzweig, comments that "The 
study shows the sensitivity of a broad range of systems 
to relatively low amounts of warming – a global average 
of 0.6°C since 1970. This then exacerbates concerns about 
future impacts of projected warming of 1.1 to 6.4°C – the 
IPCC Working Group 1 likely range – at the end of the 21st 
century."75
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The tropical climatic 
zone is expanding 
Since 1980, the area defined climatically as “tropical” has 
expanded by 277km in either direction away from the 
equator. This expansion, in just over 25 years, is greater 
than the worst-case IPCC scenario prediction for the entire 
21st century,76,77 and is likely to have significant effects, 
including “shifts in precipitation patterns affecting natural 
ecosystems, agriculture and water resources”, over areas 
of the Mediterranean, the south-western United States, 
northern Mexico, southern Africa, southern Australia, and 
parts of South America.78

Conclusion: Change 
ahead of schedule
It has become clear from on-the-ground measurements 
that, in many cases, the observed impacts of climate change 
have raced ahead of the predictions made in the IPCC’s 
2007 report, even in the short time since it was published. 
Despite the best efforts of the climate science community 
to integrate new findings into the scientific understanding 
of the situation, the consequences of an early Arctic melt 
(additional heat inputs, emissions and sea level rise) are 
not included in existing climate models or predictions, and 
there is no obvious mechanism for speeding up the process 
of incorporating them into mainstream discourses such as 
that of the IPCC. 

The challenge is that, in many cases, there is an 
assumption that the mechanisms of climate change 
are fully understood. In reality, our understanding of 
key components of the climate system is still rapidly 
developing. Given that policymakers struggle to respond 
adequately or quickly even to the predictions of the IPCC, 
the key global body for the collation and dissemination 
of climate change knowledge, one must ask how the 
rapidly developing picture of the changes caused by global 
warming can be made to impact on policy soon enough to 
provoke an adequate and timely response.
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The discourse of targets is complicated, and in many cases 
somewhat confused. 

At most climate conferences or meetings, it will be possible 
to find a delegate insisting that we need a particular level 
of reduction in emissions to avoid catastrophic, runaway 
or irreversible climate change. Stavros Dimas, the EU 
Commissioner for the Environment, recently stated that 

The European Union is trying to persuade the 
international partners to contribute in reaching an 
international agreement which will tackle effectively 
global warming and stop the global warming to 
about 2°C … by the year 2050, which will require 
reductions of emissions of the level of 50% globally 
or 60 to 80% by developed countries by 2050.79

This kind of formulation - “Avoiding temperature rise X 
will require a Y% cut by year Z” - is extremely common, 
yet it is also deeply problematic. The problem with such 
sweeping statements is summed up by Dr Paul Baer of 
EcoEquity in a report for the Institute of Public Policy 
Research: “Any analysis that connects CO2 emissions to 
temperature increase must address a complex causal chain 
in which the key elements, while now well understood 
qualitatively, are subject to substantial quantitative 
uncertainty.”80 While we know a great deal about the 
processes that will bring about dangerous climate 
change, we cannot with such certainty infer a particular 
temperature rise from a particular reduction in greenhouse 
gas emissions.

Any analysis that connects CO2 

emissions to temperature increase 

must address a complex causal 
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while now well understood 

qualitatively, are subject to 
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Paul Baer, EcoEquity

Statements of the kind exemplified by Stavros Dimas are 
inevitably based on a range of assumptions, all of which 
are uncertain. Ignoring the complexity and uncertainty 
contained within those assumptions, many politicians are 
able to insist that their chosen emissions reduction target 
is an adequate one, simply by stating that “the science tells 
us so.”

But what science does this refer to? Based on what 
assumptions? And what degree of risk does this imply? 

The IPCC 
recommendations
To attempt to answer these questions, we begin with an 
appraisal of the recommendations of the IPCC.

The IPCC’s 2007 Fourth Assessment Report states that, 
in order to limit global temperature rise to 2°C, global 
emissions must peak before 2015 and fall by 85% by 2050 
– leading to concentrations of CO2 in the atmosphere of 
approximately 450 parts per million by volume (ppmv) 
CO2 equivalent.81,82 They suggest a higher limit of 2.4° 
of temperature rise would be met by emissions peaking 
before 2015 and falling 50% by 2050 - leading to an 
atmospheric concentration of approximately 500ppmv CO2 
equivalent.

If one accepts the stipulation of the UN, the EU and the UK 
Government that warming “should not exceed 2°C above 
pre-industrial levels”,83 then by the IPCC’s measure, the 
target for global emissions cuts should clearly be 85% in 
order to limit temperature rise to 2°C and the concentration 
to 450ppmv CO2 equivalent.

However, if emissions cuts were to be apportioned 
equitably, an 85% global cut would require a greater 
reduction from the UK, as the environmental journalist 
George Monbiot comments in the Guardian with a few 
simple calculations:

I looked up the global figures for carbon dioxide 
production in 2000 and divided it by the current 
population. This gives a baseline figure of 3.58 
tonnes of CO2 per person. An 85% cut means that (if 
the population remains constant) the global output 
per head should be reduced to 0.537t by 2050. The 
UK currently produces 9.6t per head and the US 
23.6t. Reducing these figures to 0.537t means a 
94.4% cut in the UK and a 97.7% cut in the US. But 
the world population will rise in the same period. 
If we assume a population of 9 billion in 2050, the 
cuts rise to 95.9% in the UK and 98.3% in the US.84

On a very simple reading of the IPCC’s recommendations, 
then, emissions cuts of the order of 95–98% would be 
required in developed countries like the UK and USA. 

However, the actual emissions cuts required to meet the 
IPCC greenhouse gas concentration target are likely to be 
higher still, as a result of features of the IPCC’s assessment. 
The IPCC states that “emissions reductions … might be 
underestimated due to missing carbon cycle feedbacks”.85 
It goes on to suggest that for a 450ppmv stabilisation 
level this underestimate reduces our global cumulative 
emissions budget – the total amount of greenhouse gases 
we can safely emit to achieve the atmospheric stabilisation 
level – by 27%.86 We might wonder why their targets were 
not adjusted to reflect this, as a 27% reduction in the global 
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emissions budget implies a global target even closer to a 
100% cut by 2050. 

Even greater emissions cuts will be necessary if a lower 
stabilisation level for atmospheric concentrations is 
required. While the IPCC suggests that limiting the 
global temperature increase to 2°C requires stabilisation 
at 450ppmv CO2 equivalent, other studies conclude that 
to have a low risk of global temperature rise exceeding 
2°C, concentrations need to be stabilised at 400ppmv CO2 
equivalent. In 2006, Malte Meinshausen of the Potsdam 
Institute, in a paper entitled “What does a 2°C target mean 
for greenhouse gas concentrations?”, concluded 

Our current knowledge about the climate system 
suggests that only stabilization around or below 
400 parts per million CO2 equivalent will likely 
(85% probability) allow us to keep global mean 
temperature rise below 2°C in the long term.87

Recent studies support the need for emissions cuts at or 
close to 100% by 2050 if a 2°C maximum temperature 
increase target is to be met. Using a model cited in the 
IPCC reports, Andrew Weaver and colleagues at the 
University of Victoria in Canada modelled emissions cuts 
of between 20% and 100% by 2050 in 10% increments. 
Even with 90% global emissions cuts, temperature rise 
eventually broke the 2°C barrier. The study showed 
that cutting global emissions 100% by 2050 kept the 
temperature rise below 2°C, at 1.5°C.88 Another paper 
published early in 2008 demonstrates that, as a result 
of the long lifetime of CO2 in the atmosphere and the 
thermal inertia of the world’s oceans, stabilising global 
temperatures would require the complete elimination of all 
CO2 emissions by 2050.89

Putting the IPCC 
targets in the context 
of the latest science
The cut-off date for submissions to the 2007 IPCC Fourth 
Assessment Report was December 2006,90 and as detailed 
in the previous section there have been a number of 
significant developments in the ensuing two years.

Emissions targets are rarely viewed 

in the context of the accelerating 

impacts of climate change. 

Emissions targets are rarely viewed in the context of the 
accelerating impacts of climate change. This is largely 
due to the dominance of climate models in the science 
of target setting. Global climate models are incredibly 
sophisticated and take a long time to update. We also 
know, as Ken Caldeira, a researcher at the Carnegie 
Institution Department of Global Ecology at Stanford 
University observed recently, that “If anything, the history 
of climate modelling has been one of conservatism and 
underestimating the impacts of climate change.”91

Existing climate models do not yet include many of 
the latest events discussed in Section 1, particularly the 
earlier than expected Arctic sea ice melt and its potential 
knock-on consequences. Over time, climate models will be 
recalibrated with this latest information; but for some of 
the more complex feedbacks this will take years. 

Obviously it is far from ideal to have to wait so long to 
make an informed judgement on what the implications 
of these latest impacts are. The question therefore is, how 
can we draw general conclusions from this diverse set of 
changes without waiting for them to be incorporated into 
the climate models? 

There is a tool for considering the impacts climate 
change causes in a more general way. It is the concept of 
climate sensitivity, and examining it in detail is useful in 
determining how we might guide a response based on the 
most recently observed impacts of climate change.

Climate sensitivity
Climate sensitivity sums up 

all the properties of the global 

climatic system into one 

relatively simple concept. 

Climate sensitivity is defined as the predicted average 
global temperature rise following a hypothetical instant 
doubling of pre-industrial atmospheric CO2 equivalent 
greenhouse gas concentrations. Pre-industrial atmospheric 
concentrations were approximately 280ppmv CO2 
equivalent. Therefore climate sensitivity is the predicted 
temperature rise which would ensue if atmospheric 
concentrations reached 560ppmv CO2 equivalent. 
(Although with one important subtlety – see below.)

Climate sensitivity sums up all the properties of the global 
climatic system into one relatively simple concept. It 
provides a way of translating a CO2 equivalent atmospheric 
stabilisation level into an average global temperature rise. 
It makes it possible to extrapolate a temperature rise from 
a given atmospheric concentration, and it is the tool the 
IPCC uses to calculate that a stabilisation level of 450ppmv 
CO2 equivalent will lead to a 2°C temperature rise.

There is a feature of climate sensitivity that is potentially 
confusing, in that it is expressed as a temperature value. 
In order to translate a CO2 equivalent concentration to 
a temperature rise, it is necessary to apply a coefficient 
which is itself a temperature.

Of course, the figures that are used to represent climate 
sensitivity in calculations are only estimates, as the 
Earth’s climatic system is too complex for the true figure 
to be calculated with certainty. Nevertheless, we can use 
these estimated climate sensitivity figures to calculate 
temperature rises based on stabilisation levels lower than 
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560ppmv CO2 equivalent. The value that is chosen for 
climate sensitivity shapes our predictions about what 
acceptable targets are, as it dictates the temperature 
rise that will in theory result from a given atmospheric 
concentration of greenhouse gases. An example will make 
this clearer.

The IPCC estimates climate sensitivity to be between 
2°C and 4.5°C, with a ‘best estimate’ of 3°C. In other 
words, if pre-industrial greenhouse gas concentrations 
were doubled, the average temperature rise would be 
somewhere between 2°C and 4.5°C, with 3°C being the 
most likely. The IPCC do caveat their estimate however, 
saying that “values substantially higher than 4.5°C cannot 
be excluded.”92 

The value that is chosen for climate 

sensitivity shapes our predictions 

about what acceptable targets are.

The cut in emissions that the IPCC says is necessary to 
restrict global temperature rise to 2°C – namely 85% by 
2050 – is based on this ‘best estimate’ climate sensitivity 
of 3°C. But while this figure results in a 2°C rise at a 
stabilisation level of 450ppmv CO2 equivalent, what rise 
would result if we instead assumed that the correct figure 
for climate sensitivity was actually at the higher end of the 
IPCC’s estimated range, namely 4.5°C?

Such a question may seem contentious at first glance, but 
is in fact entirely legitimate. Indeed, the IPCC Working 
Group III has actually stated that “policymakers may want 
to use the highest values of climate sensitivity (i.e. 4.5°C) 
within the ‘likely’ range of 2–4.5°C set out by IPCC … to 
guide decisions.”93 This acknowledgement has serious 

implications for the IPCC’s future modelling work, in 
which they generate scenarios for future emissions cuts 
and the temperature rise to which each scenario will 
lead. Despite noting the point that policymakers may 
wish to consider higher values of climate sensitivity to 
guide decisions, the Working Group III report concedes 
that a climate sensitivity of 4.5°C “would mean that 
achieving a target of 2°C … is already outside the range of 
[IPCC emissions reduction] scenarios considered in this 
chapter.”94

In other words, the IPCC admits that, if the true figure for 
climate sensitivity is actually 4.5°C rather than 3°C, none of 
its current emissions reduction scenarios will hold temperature 
rises to less than 2°C. Global cuts of 85% will simply not be 
enough. 

If climate sensitivity is actually any higher than 3°C, this 
will make a potentially vast difference to the speed and 
extent of the emissions cuts necessary. To return to the 
question, we can calculate95 that with a 4.5°C climate 
sensitivity, a 450ppmv CO2 equivalent stabilisation target 
would lead to a 3.1°C rise in temperature. Conversely, to 
hold temperature rise to 2°C would require a stabilisation 
level of 380ppmv CO2 equivalent – well below the IPCC’s 
suggested target of 450ppmv, and in fact slightly lower 
than the current concentration of atmospheric CO2 alone 
(see below).

Unfortunately, such figures are not mere speculation: all 
the accelerating impacts discussed in Section 1 suggest 
the true value for climate sensitivity is higher than the 
current best estimate. In 2006 Barrie Pittock, then senior 
climate scientist at 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 … Recent estimates of 

Fig 1.8 Temperature rise from varying climate sensitivity and atmospheric stabilisation levels in CO2
 equivalent.
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the climate sensitivity … suggest a higher range, around 
2–6°C.” Pittock notes this means that there is “a much 
higher probability” of climate sensitivity “exceeding the 
midlevel estimate of 3.0°C.” 96
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Climate sensitivity 
of 6 degrees?
In their paper ‘Target Atmospheric CO2: Where should 
humanity aim’97, a group of paleoclimatologists headed 
by James Hansen argue that while the 3°C figure for 
climate sensitivity may be appropriate in the short term, 
in the long term increased warming will lead to higher 
temperature rises than suggested by a 3°C sensitivity 
value.

This is because climate sensitivity assumes that certain 
longer term aspects of the climate remain fixed. Ice sheet 
area, vegetation distribution and greenhouse gas emissions 
from soils or ocean sediments are assumed to remain at 
set values, and their potential to cause further temperature 
rise is ignored.98 Together, these processes are termed 
‘slow feedbacks’, and Hansen notes that because climate 
sensitivity does not include them, over longer time periods 
a figure of 6°C would be a more likely temperature rise 
associated with a doubling of atmospheric CO2.

 99 This 
would mean that in the long term, if the value of climate 
sensitivity were indeed 6°C, then a stabilisation target 
of 450ppmv CO2 equivalent would lead to an eventual 
temperature rise of 4.1°C. 

The key uncertainty here is the definition of ‘long term’. 
Hansen suggests that slow feedbacks could “come into 
play on timescales as short as centuries or less...”100 but 
this is a broad range and uncertainties prevent it being 
quantified more precisely. The sooner slow feedbacks take 
effect, the less time we have. In this context, the impact 
of an early Arctic melt on permafrost and Greenland, 
described in the first section, is concerning, suggesting 
that slow feedbacks may affect the climate sooner than 
previously thought. 
 
 

Higher sensitivity means lower 
targets
James Hansen told scientists and others at an American 
Geophysical Union conference in December 2007 that “We 
either begin to roll back not only the emissions [of CO2] but 
also the absolute amount in the atmosphere, or else we’re 
going to get big impacts … We should set a target of CO2 
that’s low enough to avoid the point of no return.”101 

In order to achieve the return of the Arctic sea-ice, Hansen 
and his co-authors have identified the target as in the 
range 300–325ppmv CO2 equivalent, well below the 
current level.102 Given the key role the Arctic plays in the 
climate system a precautionary approach would therefore 
suggest a long term target of 300ppmv CO2 equivalent. 
This would rule out a domino effect of sea-ice loss, albedo 
flip, a warmer Arctic, a disintegrating Greenland ice 
sheet, more melting permafrost, and further knock-on 
effects of massively increased greenhouse gas emissions, 
rising atmospheric concentrations and accelerated global 
warming. 

Any proposal for a target higher than 300ppmv would 
imply confidence that it is safe to leave the Arctic sea ice 
melted, and an assumption that this would not bring about 
the train of consequences just described. This is, implicitly, 
the view of all the major nations and organisations 
involved in setting climate policy. Accordingly, they must 
be challenged to provide a reasoned argument as to why 
leaving the Arctic Ocean free of ice in summer is safe. If 
they cannot, the only acceptable course of action is clear.

Hans Joachim Schellnhuber, Director of the Potsdam 
Institute for Climate Impact Research in Germany, 
supports this view – telling the Guardian in September 
2008 that “nobody can say for sure that 330ppm is safe. 
Perhaps it will not matter whether we have 270ppm or 
320ppm, but operating well outside the [historic] realm of 
carbon dioxide concentrations is risky as long as we have 
not fully understood the relevant feedback mechanisms.”103 

Hansen’s contention that we have already passed a ‘safe’ 
level of atmospheric carbon is also supported by a paper 
recently published in the Proceedings of the National 
Academy of Sciences104, which suggests that at current 
atmospheric concentrations, and assuming only a 3°C 
climate sensitivity, we are committed to 2.4°C of warming 
(or 4.3°C with a higher sensitivity of 4.5°C), as the 
radiation-masking effect of aerosols is reduced by anti-air 
pollution measures. To be clear, their analysis suggests that 
if we maintain current atmospheric concentrations, we are 
heading for a warming of greater than 2°C this century. 

Any proposal for a target higher 
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Aerosols
Another issue that needs to be taken into account is that of 
small airborne particles known as aerosols. Although the 
effects of aerosols are currently poorly understood, it is 
known that they act to mitigate climate change. However, 
they are destined not to do so for much longer.

As well as emitting CO2, the burning of fossil fuel also 
produces aerosols – these microscopic particles suspended 
in the atmosphere include smoke, soot and sulphates. 
Aerosols have a net cooling effect on the atmosphere: both 
directly, by reflecting sunlight themselves, and so reducing 
the amount that reaches the ground; and indirectly, in that 
they have the effect of ‘seeding’ clouds, which also have a 
reflective effect.105

The effects of aerosols is popularly referred to as ‘global 
dimming’, because the overall aerosol impact is to reduce, 
or dim, the sun’s radiation, thus cancelling out some of the 
warming effect of greenhouse gases. Not all aerosols in the 
atmosphere are manmade: for example, the 1991 eruption 
of Mount Pinatubo in the Philippines released 20 million 
tonnes of sulphur particles into the atmosphere, leading 
to a global cooling of around 0.3°C during the following 
year.106

However, as well as counteracting global warming, 
aerosols cause acid rain and other forms of pollution, while 
the aerosols produced by burning coal alone kill around 
60,000 people through respiratory diseases and heart 
attacks annually in the US.107 In response to these localised 
harmful effects there has been an effort to reduce aerosol 
emissions, in the short term this makes the air cleaner, but 
at the same time reduces aerosols cooling effect.

If we were to rapidly end the combustion of fossil fuels 
therefore, the majority of the aerosols would be rained 
out of the air in a few weeks, thus removing their cooling 
effect, but the unmasked heating of the CO2 and other 
greenhouse gases already in the atmosphere would remain 
for much longer – for centuries in the case of CO2.

Dr Chris Jones from the UK Meteorological Office's Hadley 
Centre for Climate Prediction and Research likens this 
situation to driving with your foot on the accelerator and 
the brake at the same time.108 By burning fossil fuels we are 
both causing heating, and simultaneously masking some of 
that heating through aerosol production. 
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The crucial, and often misunderstood, problem is that 
the accelerator does not represent the current flow of 
greenhouse gas emissions, but rather their atmospheric 
concentrations – the total stock of greenhouse gases in the 

atmosphere. So, as we reduce emissions, we cut aerosol 
production and effectively let our foot off the brake, while 
it remains on the accelerator – in other words, aerosols are 
rapidly rained out of the sky but the stock of greenhouse 
gases in the atmosphere remains steady. We will only 
start to take our foot off the accelerator as atmospheric 
concentrations fall, and in the meantime the atmosphere 
will go on heating.

As already mentioned, in order for atmospheric 
greenhouse gas concentrations to decrease, our emissions 
rate must fall below the Earth’s carbon sink capacity – 
the rate at which carbon is currently sucked from the 
atmosphere by oceans, soils and plants. That would require 
emissions to fall more than 50% below their current level109: 
until then, our foot is still firmly placed on the accelerator.

While the IPCC’s scenarios assume a declining level of 
sulphate aerosol in the future due to clean air legislation110, 
greenhouse gas emissions cuts faster and deeper than 
they consider – the kind that will be necessary if we are 
to reduce atmospheric concentrations below sink capacity 
– would lead to an earlier and greater fall in aerosol 
levels. Rapid decarbonisation will simultaneously reduce 
the cooling effect of aerosols, giving a short-term boost 
to temperature rise, and is likely to make constraining 
temperature rise more challenging.

Cutting ‘black carbon’ soot emissions could however offset 
some of this effect. While most aerosols act to cool the 
planet, black carbon has the opposite effect. Black carbon 
particles (which are created by the combustion of diesel, 
coal and biomass and other solid fuels) act in a similar 
manner to greenhouse gases by absorbing heat energy, 
and by changing the reflective properties of ice sheets, 
falling on them and diminishing their albedo. A study 
by atmospheric scientist V. Ramanathan of the Scripps 
Institution of Oceanography and University of Iowa 
chemical engineer Greg Carmichael has found that soot 
and other forms of black carbon may have a total heating 
effect three times that estimated by the IPCC, greater than 
that of any greenhouse gas, and 60% stronger than that of 
CO2.

111 The Arctic icecap remains particularly vulnerable 
to enhanced melting due to black carbon, as air circulation 
currents tend to trap pollutants from the northern 
hemisphere within the Arctic circle. Research is ongoing 
into how much black carbon soot is increasing polar melt, 
and into ways to limit the effects of this pollution.112

As levels of aerosols produced by burning fossils fuels are 
reduced, cutting black carbon emissions could balance 
some of the loss of cooling that would occur. The whole 
field of aerosols needs further research, particularly if 
China and India – a major contributor to ‘global dimming’ 
–start to regulate air pollution more stringently. If aerosol 
emissions from India and China diminish, we could see a 
significant spike in temperatures.
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A responsible 
approach to risk
Nick Mabey, Chief Executive of E3G, often recounts an 
important thought experiment: “If you were to go into a 
Security Council assembly at the UN, and explain to them 
that you’d prepared for a medium-sized terrorist attack, 
you would be thrown out of the room.” This is not how 
we as a society tend to deal with risk. As Mabey says, we 
generally prepare for an outcome that is “just off worst-
case”114. 

We should therefore be asking why we as a society are 
preparing for “medium-sized climate change”. Why are we 
taking climate sensitivity at a best estimate of 3°C without 
fully exploring the implications of the possibility that it 
might be higher?

When it comes to managing the 

risk of serious climate instability, 

the politics must fit the science 

and not the other way round.

Quality of Life Commission, 
Conservative Party113

Stefan Rahmstorf of Potsdam University and an IPCC 
lead author has said that “In view of the uncertainty, what 
is needed is a risk assessment rather than predictions 
of abrupt climate change.”115 The Institute for Public 
Policy Research’s report High Stakes116 is one of very few 
publications to take a risk management approach to target 
setting. It notes that “What science alone cannot tell us 
is what should be considered ‘acceptable risk’ … Such 
a choice demands not just scientific reasoning, but also 
ethical and political judgment.”117

We cannot tell for certain what the correct figure for 
climate sensitivity is, or how much aerosols counteract 
the greenhouse effect; we do not know exactly how much 
the permafrost will melt; how the broader carbon cycle 
will respond to the heating we impose on it; or what the 
implications of an ice-free Arctic really are, including 
whether methane will start bubbling in large volumes from 
the Arctic Ocean.

But what we can say is that there are indicators and 
observations, pointing us towards the conclusion that our 
climate is more sensitive than we previously thought. And 
we can re-evaluate our response in light of these, today. 
While we need a more sophisticated understanding of 
many earth processes, and while our climate models need 
more computing power and require further refinement, it 
would be the height of folly to wait until we had resolved 
these shortcomings before taking steps towards reducing 
the risks to which the situation is exposing us.

We should be able to recognise the uncertainties implicit 
in climate models, and frame what they tell us in light of a 
precautionary response, taking a risk-averse approach to 
what is in effect our life support system.

When approving new pharmaceuticals, or 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. If someone told 
you there was a 1% chance of the plane you were about 
to get on crashing, you would probably stay at home. 
However, governments have been quietly accepting much 
higher risks in setting climate change targets. For example, 
Sir Nicholas Stern’s suggestion that we aim for a 550ppmv 
CO2 equivalent target118 means, by his own admission, 
accepting a 20–30% global 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”.119

As University of Chicago Professor Frank H. Knight has 
suggested it is possible to draw a distinction between 
risk and uncertainty.120 Risk refers to situations where the 
probability of something happening is well known, as 
in roulette; while uncertainty relates to situations where 
calculating probability is impossible – for example the 
price of gold in 20 years’ time. Further down the order 
comes ignorance, where one does not even know all the 
things that might go wrong – in climate terms, these may 
be variables in the global climatic system of which we are 
simply unaware – the ‘unknown unknowns’. One final 
relevant term is indeterminacy, which refers to situations 
where the probability of an event is incalculable because 
it is not a matter of prediction, but of decision. Society’s 
response to climate change is a matter of indeterminacy – 
future emissions levels are indeterminate, as how far we 
reduce them will be consequent upon millions of actions 
and decisions taken all across the world.

Larry Lohmann of the environmental and social justice 
consultancy Corner House sums up the way to approach 
these different concepts: “Problems posed by risk, 
uncertainty, ignorance and indeterminacy each call for 
different kinds of precaution. Risk fits easily into economic 
thinking, because it can be measured easily. Uncertainty, 
ignorance and indeterminacy, however, call for a more 
precautionary and flexible, less numerical approach.”121

It may or may not be possible to reduce the climate risk 
to a one in a million chance of catastrophe. What we 
must therefore begin to do is to be more honest about the 
areas where we are uncertain or ignorant, while doing 
everything in our power to reduce the risk we currently 
face. Because we know emissions levels will be determined 
by decisions we take, we have a key lever to pull in 
addressing indeterminacy, and we should embrace it – we 
cannot go on gambling on how far we can push the system 
before it breaks.
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Achieving climate 
safety
Scientifically
In their ‘Target Atmospheric CO2’ paper, Hansen and his 
co-authors differentiate between ‘tipping levels’ and what 
they term the ‘point of no return’. They explain that while 
we are now past the ‘tipping level’ in the climate system, 
atmospheric concentrations being too high, that does not 
mean we are past the ‘point of no return’, where it becomes 
impossible to correct the problem. 122 We still have an 
opportunity to take advantage of the time lag between the 
increase in atmospheric concentrations and the increase 
in temperature, and thereby avoid the “[w]arming ‘in the 
pipeline’, mostly attributable to slow feedbacks, [which] is 
now about 2°C”.123 Malte Meinshausen illustrates how this 
process operates in relation to the parameters of 400ppmv 
and 2°C, but it would apply equally to lower figures:

Fortunately, the fact that we are most likely to cross 
400ppmv CO2 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 400 parts per million, 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 we can 
soon start turning the control down, the actual 
temperature in the oven will never reach 220°C.124

To take advantage of this ‘time lag’, we must lower 
emissions sufficiently below the global carbon sink 
capacity, in order to reduce concentrations, and possibly 
increase the rate of absorption by carbon sinks artificially, a 
subject discussed in Section 3.

Until we lower our emissions below the current sink 
capacity, we are still making the problem bigger because 
of the cumulative levels of greenhouse gases in the 
atmosphere. Cutting emissions – even globally – by 80% 
does not solve 80% of the problem, because it is not annual 
emissions levels which are the problem, but rather the 
already high atmospheric concentration of greenhouse 
gases that causes the heating. We only begin to solve the 
problem when atmospheric concentrations start to fall.

Crucially, what we do not know is how far we can go over 
the tipping level in terms of atmospheric concentrations, 
and for how long we can stay there, before we pass ‘the 
point of no return’. Given this uncertainty, and given the 
growing climate impacts that we are seeing today after 
a temperature rise of only 0.8°C, it would be prudent to 
lower the atmospheric concentration as quickly as possible.

Given the growing climate 

impacts that we are seeing after a 

warming of only 0.8°C, it would be 

prudent to lower the atmospheric 

concentration as quickly as possible.

Fig 1.9 - Understanding the challenge. Annual emissions (black) entering the atmosphere (blue) and partially reabsorbed every 
year by carbon sinks (green). Emissions flow into the atmosphere (which is a stock, or a container of emissions, represented as 

concentrations). It is the blue square, the atmospheric concentrations that heat the planet, not the emissions. Emissions contribute 
to heating by increasing atmospheric concentrations (the stock). Concentrations will stabilise once emissions are equal to sink 

absorption (requiring approximately a 50% cut in global emissions levels). To reduce atmospheric concentrations requires emissions 
to drop below the level of sink absorption, in other words cuts greater than 50%. This would also see a reduction in the masking (or 

cooling) of aerosols (shown in light blue, offsetting some of the atmospheric concentrations), as burning fossil fuels is a large source of 
aerosols. This graph does not recreate the uncertainty bounds for aerosol masking. It also represents annually a process that is going 

on every second of every day, a constant flow of emissions in to and out of the atmosphere. Sources: Global Carbon Project, IPCC
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Practically
It is difficult to overstate the scale of this challenge. In 
a recent paper, Kevin Anderson and Alice Bows of the 
Tyndall Centre for Climate Change Research demonstrate 
that achieving 450ppmv stabilisation level is “increasingly 
unlikely” and that the “current framing of climate change 
[by policymakers] cannot be reconciled with the rates 
of mitigation necessary to stabilise at 550ppmv CO2 
[equivalent] and even an optimistic interpretation suggests 
stabilisation much below 650 ppmv CO2 [equivalent] is 
improbable.”125 

Taking the IPCC total emissions budget between 2000-2100 
for a 450ppmv stabilisation (the total amount of carbon 
that can be released up to 2100 to stabilise concentrations 
at 450ppmv CO2 equivalent) Anderson and Bows calculate 
the remaining portion of the budget after:

Subtracting emissions already emitted to 2007;• 

Subtracting emissions over the period emitted from • 
carbon cycle feedbacks (as the IPCC note, carbon bud-
gets should be reduced by 27% due to carbon cycle 
feedbacks, see p.14);

Subtracting emissions over the period emitted due to • 
deforestation (based on two optimistic deforestation 
reduction scenarios);

Subtracting non-CO• 2 emissions over the period, such as 
agriculture (based on a scenario which halves the emis-
sions intensity of food production).

Taking this reduced budget, the authors choose three 
possible dates when emissions could peak (2015, 2020 and 
2025), and run a set of scenarios using these variables. They 
conclude that to stay within the 450ppmv budget, over 
half of the scenarios run were in their words “politically 
unacceptable”, requiring prolonged annual reduction 
rates greater than 8% per annum in ‘energy and process’ 
emissions – emissions associated with providing all our 
energy needs including transport, heat, electricity and 
industrial processes.126

The context which informs their assessment that such 
action is politically unacceptable is provided by the Stern 
Review, which noted that annual reductions of greater than 
1% have “been associated only with economic recession or 
upheaval”127. Anderson and Bows note that:

the collapse of the former Soviet Union’s economy 
brought about annual emissions reductions of over 
5% for a decade. By contrast, France’s 40-fold increase 
in nuclear capacity in just 25 years and the UK’s ‘dash 
for gas’ in the 1990s both correspond, respectively, 
with annual CO2 and greenhouse gas emissions 
reductions of only 1% (not including increasing 
emissions from international shipping and aviation).

Using other scenarios, they note that 550 and 650ppmv 
CO2 equivalent stabilisation levels would require emissions 
reductions “without a structurally managed precedent”. A 
450ppmv stabilisation is only possible, even with optimistic 

assumptions, if emissions peak by 2015 or before, and 
emissions cuts happen early. They conclude:

If the 2°C threshold is to maintain any 
meaningful currency, industrialised nations 
have little option but to radically and urgently 
curtail their demand for energy.128

Anderson and Bows’ paper makes sobering reading. Of a 
650 ppmv target for stabilisation, likely to lead to between 
around 4 and 6 degrees of global temperature rise129 – the 
authors note that “even this level of stabilization assumes 
rapid success in curtailing deforestation, an early reversal 
of current trends in non-CO2 greenhouse gases and urgent 
decarbonisation of the global energy system.”130

Conclusion
Given the impacts described in the first section, it seems 
likely that climate sensitivity is higher than the IPCC's best 
estimate of 3°C. If this is the case, then to hold temperature 
rise below 2°C requires atmospheric stabilisation at lower 
than 450ppmv, and therefore global cuts of more than 85% 
by 2050.

Anderson and Bows make clear that 

to have any chance of stabilising 

at or below 450ppmv this century 

requires emissions cuts now.

Anderson and Bows make clear that to have any chance 
of stabilising at or below 450ppmv this century requires 
significant emissions cuts now. Given their openly 
optimistic assumptions about future deforestation and 
agricultural emissions, the only lever we have to pull is 
reducing CO2 emissions – those from electricity, transport, 
buildings and industry. 

The key point is that unless we start making emissions 
cuts now, lower stabilisation rates will not be possible this 
century. The force of the science should give us clarity 
and agency. Whatever our target for future stabilisation, 
whether it is 450, 350, 300 or below, the actions we must 
now take are largely the same – we must race out of carbon 
as quickly as possible.

Once the process is well underway, and when we have 
a clearer idea of what we are capable of, we will have 
the space for sophisticated arguments about what an 
acceptable final stabilisation level is. Right now, we need to 
stop pretending that our current course of action, or even 
a continuation of the incremental change we have seen 
to date, will address the scale of the problem. We need a 
programme of change altogether more ambitious.

By leading the world in peaking emissions before 2015 and 
making significant cuts in the short-term, Britain can help 
smooth its future emissions pathway, and demonstrate that 
450ppmv or lower is politically possible this century. 
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Solutions
It is no use saying, 'We are doing our best.' You have got to 
succeed in doing what is necessary. 

Winston Churchill131

In fact, we must move first, because that is the key to getting 
others to follow; and because moving first is in our own national 
interest.

Al Gore132

The most basic test of a response to climate change should 
be whether it meets the scale of the challenge. Because the 
impacts of temperature rise above 2°C are potentially so 
severe, failing to work out a solution which avoids them is 
not an option. Aggressive stabilisation targets will not be 
achieved by compromised solutions that fail to address the 
whole problem. Whether we are aiming for a stabilisation 
level of 450ppmv, 350, 300 or lower, the actions we must 
now take are broadly similar – we must achieve a very 
near-term peak in emissions and a sharp decline, in order 
to keep the cumulative amount of carbon emitted as low as 
possible.

The advantage of this is that it gives us clarity in how we 
should approach the problem in the short term. We focus 
in this section on the potential the UK has, through acting 
as an exemplar country, to promote and encourage a global 
response which could deliver stabilization below 450ppmv. 
By demonstrating a commitment to cutting emissions 
backed by a clear programme to unilaterally deliver such 
cuts, the UK can begin a global race out of carbon, and 
unpick the deadlock preventing global political change in 
negotiating emissions reduction targets. 

We focus on the potential the UK 

has to promote and encourage a 

global response which could deliver 

stabilization below 450ppmv. 

The goal for the short-term period – the next five years 
– is to ensure that aggressive future stabilization levels 
are possible. This will require emissions peaking and 
falling faster than currently envisaged. While this clearly 
requires a global response, the key role the UK can play, 
in cutting energy use 10% in two years and therefore 
‘peaking’ emissions early, is to demonstrate commitment 
and leadership, founded in action that matches the scale 
of the problem. Maintaining UK carbon sinks and stocks 
will prevent additional greenhouse gas emissions, while 
funding adaptation properly will make the clear case that 
with the impacts of climate change already being felt, 
action must be taken now.

In the medium term – over the next twenty years – we 
must put in place the infrastructure and drive the social 
changes which can decarbonise our society. This is 
another opportunity for strong leadership from the UK. 
Undertaking an infrastructure shift on the scale required 
by decarbonisation will provide opportunities to build 
resilience to the effects of climate change as they impact 
on us, drive job creation and economic prosperity, and 
establish the UK as a base of world-class expertise in 
zero-carbon technology and policy. Over this time period, 
research into carbon sequestration and geoengineering 
techniques can serve to inform us whether we have any 
other options in relation to preventing the harmful impacts 
of climate change.

While this cannot be a comprehensive action plan, there 
already exist numerous detailed studies of the different 
components discussed in this section, which are referenced 
throughout the text. With a clear idea of what kinds of 
measures will be necessary to meet the demands of the 
science, we will better understand the political, cultural, 
and administrative challenges to implementing change. 

Short-term
10% by 2010
As an immediate, short-term objective, the UK should aim 
to cut its greenhouse gas emissions 10% by the end of 2010.

Delivering short-term actions provides the essential 
foundation for mid-term policies and long-term targets. 
Without short-term action, the real work has yet to begin.

The Tyndall Centre has made clear that:

focusing on a long-term transition to low-
carbon technologies is misguided, with real and 
substantial cuts being necessary in the short- to 
medium-term … Consequently, if the UK is to 
demonstrate effective leadership on climate 
change and actively pursue a 450ppmv pathway, 
it is incumbent on the Government to redress the 
balance of its policy agenda in favour of an early 
transition to a lower energy-consuming society.134

The earlier emissions peak, the easier the task of stabilising 
atmospheric CO2 at a level lower than 450 CO2 equivalent 
becomes. The essential short-term action is to reverse our 
current upward trend in emissions. While globally this will 
provide only a small reduction in emissions, it is the key 
switch of direction that can kick-start a race out of carbon. 
With a serious application of well-designed policies and 
political will, a reduction of 10% could be achieved by 
2010. 

The actions necessary to provide such a cut vary in 
the scale of the reductions they provide and in their 
acceptability to the general public. However, we know that 
very large reductions are achievable over time. We also 
know that the first 10% will be the easiest, cheapest and the 
most acceptable – made largely through reducing obvious 
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examples of energy waste. This is the ‘low-hanging fruit’ 
of emissions cuts. Because climate science tells us that 
emissions cuts made now are more valuable than those 
made later, this low hanging fruit represents the highest-
value actions we can take.

NGOs and the media have already raised some awareness 
on how to reduce energy and carbon emissions and we 
offer only a few suggestions here. The task at hand is to 
rapidly assess the public’s preference for how we cut the 
first 10% by 2010, and then to put in place the immediate 
measures that support this.

A few suggestions:

‘French Style’ Electricity Tariffs•	 135 - inverted electricity 
charges, where energy becomes cheaper the less you 
use, providing clear incentives for people to find their 
own efficiency gains.

Smart meters•	 136 - plugged into any plug socket at 
home, smart electricity meters give a live readout of 
energy use, providing householders with the feedback 
they need to reduce their consumption.

Nationwide insulation and air tightness project•	 137 – 
implemented through a scale-up of existing energy 
efficiency programmes, delivering high thermal 
standards to a specified proportion of the nation’s 
building stock.

55mph speed limit•	 138 –vehicles run most efficiently 
between 40 and 50 miles per hour, wasting significant 
amounts of energy above this level. Lower speed limits 
would dramatically reduce emissions from cars.

Accelerated vehicle retirement programme•	 139 – The 
Texas Commission on Environmental Quality offers 
up to $3,500 to purchase and retire certain vehicles 
that are more than 10 years old - clearing the most 
polluting vehicles from the roads.

Accelerated appliance retirement programme•	 140 – a 
similar scheme could be rolled out for the worst 
performing appliances: fridges, washing machines etc. 
– accelerating the transition to high efficiency, energy 
saving appliances.

Ban the bulb•	 141 – bringing forward the EU ban 
of incandescent bulbs through rolling minimum 
standards set to match best-in-class appliances and 
installation practices – LED lights save 90% of the 
energy used by a traditional incandescent bulb and last 
50 times as long.

Halt domestic flights•	 142 – Outside of the need for air 
ambulances, it is difficult to justify domestic flights 
in the face of global climate damages. Rail and coach 
links can be improved and extended to take their 
place.

Cutting emissions successfully within a short time frame 

would demonstrate nationally and globally that the UK 
was taking immediate action consistent with its long-term 
policies. Most importantly it would reverse the trend of 
emissions growth to real emissions savings and spark 
the race out of carbon. Realising this objective would 
require a rapid quantification of the most promising steps 
to cut energy use, and an appraisal of the policies that 
would deliver them; a programme to canvas the public on 
preferred options; and an assessment of the carbon impact 
and the full costs and benefits of such a package.

Delivering short-term actions 

provides the essential 

foundation for mid-term policies 

and long-term targets.

Save UK carbon sinks
The natural carbon cycle, and in particular the capacity of 
ecosystems to act as carbon sinks, currently plays a vital 
role in limiting the impacts of human carbon emissions. 
The net sink effect of the carbon cycle has drawn down 
nearly half of all carbon released by human activity since 
1959.143 This means that the destruction of habitats such 
as forests or peatlands which contribute to the planet’s 
carbon sink capacity is a major contributor to climate 
change – deforestation, for example, is responsible for 
approximately 20% of human emissions every year. 144

Preserving this sink capacity is therefore of paramount 
importance, both within Britain and globally. There is a 
clear emissions-reduction argument for acting to preserve 
our own forests, wetlands, and to conserve and restore 
peatlands, a significant UK carbon sink, currently widely 
burnt to allow for grouse shooting. In the short-term we 
should direct substantial overseas investment towards 
sustainable forestry projects, and rapidly phase out 
imports of timber derived from unsustainable practices.

Fund adaptation
With the planet already warming and further temperature 
rise now inevitable, the IPCC provide a very cogent 
assessment of the current importance of adaptation – 
preparing societies to cope with the changing climate they 
exist in. However soon and seriously mitigation efforts are 
deployed, the IPCC note that “regardless of the scale of 
mitigation now undertaken, additional adaptation support 
for societies across the world will be required.”145

They note that vulnerability to the effects of climate 
change is exacerbated by other societal stresses – current 
climate hazards, poverty, unequal access to resources, 
food insecurity, conflict and disease.146 They are also 
clear that the capacity of a society to adapt to climate 
change is directly connected to its social and economic 
development.147
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This assessment serves to underpin the clear moral 
argument for the global North, which bears historic 
responsibility for the cumulative emissions which have 
caused climate change, to fund and assist the parts of the 
world which will be disproportionately affected by its 
impacts to adapt.

Regardless of the scale of mitigation 

now undertaken, additional 

adaptation support for societies 

across the world will be required.

IPCC

Stern estimated the likely adaptation costs in less 
developed countries to run to tens of billions of dollars a 
year.148 Yet current total pledged funds for adaptation stand 
at only $182 million. The UK, the biggest single contributor 
to funding adaptation has pledged $38 million.149 Oxfam 
contrast this with plans to invest the equivalent of $347 
million in “cooling systems for the London Underground, 
partly in preparation for climate change.”150

In the short term, the UK should take a lead in pledging 
funds towards adaptation commensurate with the scale 
of the likely costs, and in arguing for stronger action 
on the international level, and building resilience in the 
societies which will be most immediately affected by 
climate change. This work will take time, and with large 
uncertainties over how quickly the impacts of climate 
change may increase, it is vital that it begins immediately.

Quite apart from the clear moral imperative to assist 
countries often unable to assist themselves because of 
limited access to finance for adaptation, we can pursue 
this course of action in the knowledge that it will be 
contributing to the socio-political stability of the planet. 
As the IPPR note in their 2008 assessment of the global 
security landscape, “Even under mid-range IPCC 
temperature increase scenarios, climate change is set to 
have a number of profound implications in the next two 
to three decades.”151 They identify China, South Asia, 
the Middle East and West Africa as regions particularly 
vulnerable to, variously, stress upon water supplies, 
declining food production, the shrinkage of glaciers which 
feed water sources, flows of environmental refugees. 
They conclude that this stress will fuel instability and that 
climate change “As a security issue… may quickly come to 
dwarf the issue of terrorism.”152

Were significant parts of the planet to lose political 
stability, coordinating action to meet the scale of the 
climate challenge would become much more difficult. As 
the IPPR note, “we increasingly live in a world of shared 
destinies…”153 With the necessity of coordinated global-
scale change, we cannot ignore these threats.

Medium-term
In the medium-term, the core activity is to move our 
energy infrastructure of heat, transport and electrical 
power beyond carbon, first through energy savings, and 
then with a wholesale switch of remaining generation from 
carbon based fossil fuels to renewable technologies.

Decarbonisation also includes removing the carbon from 
other processes and arrangements – finding alternatives to 
carbon intensive industrial activities such as cement and 
steel production, as well as recognising and cutting the 
embodied carbon in the goods and services manufactured 
abroad and imported to Britain.

The term can be extended to equivalent activities with 
other greenhouse gas emissions but in this report we 
principally use it to refer to carbon explicitly.

Efficiency
The Government, in its UK Renewable Energy Strategy 
consultation document, states: “the starting point for 
our energy policy is to save energy”. This is the easiest, 
cheapest and quickest way to reduce fossil fuel use.154 We 
must change the social practices of energy use – placing 
energy efficiency at the heart of energy planning, both 
through the intelligent application of technology, and 
through driving behavioural shifts in energy use. 

Proven efficiency programmes exist. Over the last few 
decades, California has held electricity consumption per 
capita, roughly, at a constant, while overall per capita 
US electricity consumption has grown by 60%.155 We will 
need to reduce our energy consumption dramatically. A 
2007 McKinsey report showed that using ‘off-the-shelf’ 
technology the US could cut energy use by 50 per cent156. 
While per-capita energy use is lower in the UK, similar 
assessments can be made. The report Zero Carbon Britain157 
showed that with a wholesale switch to electric vehicles, 
utilizing more efficient renewable energy technologies and 
an aggressive programme of retrofitting buildings, the UK 
could cut current energy use by 50%.

Efficiency is the easiest, 

cheapest and quickest way 

to reduce fossil fuel use.

Researcher Dr. Matt Prescott has explored in detail the 
challenges of shifting consumer preferences towards highly 
efficient appliances. Business interests alone cannot fully 
advise on future technology pathways that best support 
the public interest – maximising the use of available 
efficiency technologies will require Government support.

If a technology exists that meets or exceeds both 
Government performance standards and the public's 
user experience criteria, then steps should be taken to 
bring it more widely to market. This should be done on 
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a case-by-case basis as part of a programme of rolling 
performance standards. Standards should be based on the 
best-in-class technologies commercially available now, 
anywhere in the world. They should consider full life-cycle 
efficiency, championing low embodied energy, low energy 
consumption in use, high durability as well as consumer 
preference criteria. Prescott recommends that this approach 
be applied widely; from light bulbs, to refrigerators, to cars 
and more.158

Different tools, including grants and tax breaks, will apply 
best to shifting consumers towards different products. 
The UK's contribution in legislating for higher efficiency 
standards can in part be national, and in part through 
political lobbying in Europe. EU-wide change impacts 
both on the larger population of Europe’s 500 million, and 
globally, through the unofficial adoption of EU standards 
by China and other manufacturing giants who seek to 
“future-proof” their market access.159

Energy Efficiency vs. Energy Sales
A key factor limiting the drive to wide ranging energy 
efficiency measures is the existing business model of the 
UK’s energy companies. Operating in a saturated UK 
market, these companies have little opportunity for growth 
and under anti-competitive legislation are constrained in 
their opportunities to buy each other out. Their profits are 
dependent on their ability to sell energy in volume, and 
maintaining shareholder value within this model demands 
that the volume and/or price of their energy stays high.

The energy market is fundamentally 

at odds with the public interest 

of minimising energy use.

This market is fundamentally at odds with the public 
interest in minimizing energy use – there is no clear 
incentive for the “Big 6” energy companies to assist 
consumers to use less of their product. The Government 
must urgently and openly address this core conflict of 
interest. A realignment of the energy market is now 
required that invigorates competitiveness and supports 
economic efficiency.

Energy
Zero-carbon energy scenarios, where energy needs are 
met without carbon emissions, have been designed for 
various areas of the world, including the UK160, Sweden161, 
France162, the USA163, Japan164 and Western Europe as 
a whole165. Broadly, there are three main options for 
delivering low-carbon energy: Carbon capture and storage 
(CCS), nuclear fission power, and renewable energy.

While the Government clearly supports nuclear energy166, 
problems still remain in terms of cost, construction delays 
and unresolved issues in terms of waste, decommissioning, 
and the proliferation of nuclear material. The delays and 

cost over-runs at Finland’s new Olkiluoto 3 reactor167 (the 
first nuclear reactor to be built in Europe since 1991) cast 
doubt on the ability of nuclear to play a large role in the 
timeframes necessary to effectively deal with climate 
change – the Sustainable Development Commission 
suggest that 10 GW of new nuclear generating capacity – 
replacing 10 stations scheduled to close – would provide 
just a 4% cut in emissions after 2024.168 From the point of 
view of decarbonising energy supply completely, nuclear 
energy’s incompatibility with high levels of renewable 
generating capacity is problematic. 

A grid powered by decentralised renewables utilises 
demand management, intelligent home appliances 
(which vary their power consumption), increased 
energy storage capacity, and generally complements and 
encourages energy efficiency. Investing in a grid powered 
by centralised nuclear is failing to adapt electricity 
infrastructure to suit a renewably powered country.

For carbon capture and storage the Government has 
launched a competition to build the first UK demonstration 
plant, which should be burying CO2 by 2014. It says 
the demonstration project will take "at least 15 years" to 
assess.169 In a detailed study of CCS, the Massachusetts 
Institute of Technology concluded that it would not be 
commercially viable before 2030 at the earliest.170 CCS 
requires the creation of a significant and expensive 
infrastructure to capture, compress, store, pump, transport 
and bury millions of tonnes of CO2. Joseph Romm, former 
energy advisor to Bill Clinton, notes that for CCS to 
make a substantial impact on emissions “would require 
a flow of CO2 into the ground equal to the current flow 
of oil out of the ground. That would require, by itself, re-
creating the equivalent of the planet’s entire oil delivery 
infrastructure.”171 CCS is clearly far from a mature 
technology, and the risk of carbon dioxide leakage alone 
suggests caution – given the length of time CO2 persists in 
the atmosphere, the European Commission note that even 
a “CO2 leakage rate at 1 per cent per year is too high for 
CCS to be an effective mitigation option.”172

Given these issues, the enormous size of our renewable 
resource, and the potential to develop world-leading 
renewable industries, there is a strong argument for 
the UK to invest in a rapid switch to renewable energy, 
discouraging investment in new fossil fuel plant and 
avoiding carbon lock-in or reliance on CCS. 

Speed
The UK is committed under its EU obligations to produce 
15% of all its energy (electricity, heat and transport) 
from renewable sources by 2020.173 The Carbon Trust has 
explored in detail the implications of this commitment, 
concluding that the target will require the UK to produce 
31% of its electrical power from renewable sources, 
entailing 29 GW of offshore wind capacity and a further 
11GW of other renewable technologies.174

They state that in order to achieve the target, very rapid 
growth in Britain’s renewable generating capacity is 
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required – with the British wind industry, from very 
limited beginnings, becoming a major global player within 
12 years. They conclude:

Whilst this represents a challenge 

similar in scale to developing North 

Sea oil and gas, it is technically 

feasible. 29GW of offshore wind 

power is an immense deployment 

challenge and requires total 

investment of up to £75bn, 

equivalent to the peak decade of 

North Sea oil & gas development.

The Carbon Trust 175

The Carbon Trust scenario for meeting EU targets 
envisages dramatic growth in renewable capacity flattening 
out after 2020, echoing the framing of the Government’s 
own Renewable Energy Strategy Consultation. In truth, if 
the UK meets EU targets for clean energy generation, it will 
have necessarily created a young and dynamic industry, 
well placed to push for further opportunities for expansion. 
There is no inherent reason to assume that in a scenario 
in which we prove capable of meeting our EU targets by 
2020 we would be incapable of maintaining the growth rate 
envisaged by the Carbon Trust for an extra decade. Within 
that time frame, renewable capacity could be deployed in 
excess of current electricity demand.176

Overcoming variability
Many of the more developed renewable technologies are 
inherently variable in their capacity to supply power. 
Furthermore, there is considerable fluctuation in the 
demand for energy placed on the power system. Grid 
operators are well used to managing these supply and 
demand issues, and when the grid is supplied by low 
levels of renewable power, this balancing process poses 
few problems. The challenge of integrating renewable 
energy grows as the proportion of the grid supplied 
by renewables grows. However, the application of four 
techniques to deal with the variability of renewable energy 
can overcome this:

Deploy a diverse mix of technologies1.	  – some 
renewable technologies are highly variable, such as 
wind and solar. However, others such as tidal range, 
tidal stream and combined heat and power plants 
burning biomass are highly predictable. By deploying 
a diverse mix of renewables, variability can be reduced 
to provide secure and predictable ‘baseload’ power 
supply.

Geographically disperse power generation2.	  – by 
situating renewable installations widely across 

the country, they can take advantage of different 
weather conditions and reduce variability. This 
approach can be extended intra-nationally with the 
use of interconnectors (cables connecting national 
grids). Gregor Czisch of the Potsdam Institute for 
Climate Impact Research in Germany has explored 
this ‘Supergrid’ approach for Europe. His study 
optimised the best possible size and location both of 
the renewable infrastructure and connections to areas 
of energy demand, finding that “A totally renewable 
electricity supply for Europe and its neighbourhood is 
possible and affordable.”177

Store energy3.	  – by expanding pumped storage plants, 
developing technologies such as flow batteries, 
hydrogen, compressed air storage, and utilising 
electric vehicle batteries as distributed storage (vehicle-
to-grid power or V2G), we can facilitate much higher 
renewable integration – balancing variability with 
increased storage capacity.

Match demand for energy with supply4.	 – the National 
Grid currently goes to enormous lengths to ensure that 
their supply of energy matches consumer demand. 
However, by prioritising and de-prioritising energy 
demand using real-time pricing and energy-aware 
appliances, it is possible to do the reverse – to shape 
significant portions of our energy demand to match 
supply. Building on this technique, Mark Barrett 
of University College London has created detailed 
energy models at UK and European levels that show 
how to generate 95% of our electricity and power our 
transport system renewably.178

By developing and deploying a combination of these 
techniques, alongside a concerted programme of 
energy efficiency which sees our overall energy use 
drop significantly, we can meet our energy needs with 
renewables and cut emissions quickly and securely. 
Overcoming the challenges of variability will put us in an 
unprecedented position of strength internationally, with 
the potential to export our expertise globally.

Obstacles to renewable development
Currently, the main obstacle to achieving higher levels 
of renewable capacity is not the technical challenge of 
deploying it, but rather legislative, supported by sectors of 
industry and Government questioning whether ambitious 
targets for clean energy can be achieved.179,180 

Wind farms have faced significant delay through the 
planning process:

since January 2006, only 54% of 167 applications 
to build onshore farms have received consent, 
a far cry from the 71% approval rating for other 
major developments, such as housing, retail and 
general industrial… The average timespan from 
submission to decision is now pushing two years.181

It is worth noting that opposition to wind energy and 
other renewables is not the majority view. An October 2007 
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review of 23 recent polls on energy policy options for the 
Parliamentary Office of Science and Technology found “a 
high level of awareness of the connection between fossil 
fuel sources of energy and environmental problems such 
as climate change”; “very low levels of public support for 
the use of fossil fuels”; “high levels of concern about the 
possibility of using up finite resources” and that “[s]ecurity 
of supply is a key issue and of growing concern”; while 
“all the reviewed polls and studies showed that renewable 
energy was the public’s preferred energy source”; the 
public “were aware of the potential environmental benefits 
of renewable energy and recognised it as being important 
for climate change mitigation”; and “[t]ypically around 
three quarters of respondents expressed a preference for 
renewables over nuclear energy”. 182 However, it is clear 
that in moving towards higher levels of deployment 
for renewables, the impact of infrastructure on local 
communities must be considered. The Government is 
currently consulting on how to improve the planning 
situation.183 A key step forward would be to make 
community benefits from power generation compulsory - 
through a community infrastructure levy, a local tax rebate 
or a similar mechanism. A 2005 report to the Department 
for Trade and Industry concluded that “The routine 
provision of meaningful benefits to communities hosting 
wind power projects is likely to be a significant factor in 
sustaining public support and delivering significant rates 
of wind power development.” 184 The report also suggests 
that Denmark, Spain and Germany have seen far higher 
levels and faster rates of wind power development than 
the UK due to the inclusion of meaningful community 
benefits.185

However, potential obstacles to progress are not only 
contained within the planning system.

Grid access1.	  – there is currently 9GW186 of wind power 
at various stages of development awaiting connection 
to the National Grid. To put that in context, we 
currently have 2GW installed.187  
 
If we are to fully exploit our renewable energy 
resource, it is clear that we need a national grid 
optimised for drawing on and supplying renewable 
electricity. It will need to manage demand efficiently 
and intelligently, and distribute power from renewable 
sources all over the country – from huge offshore 
wind farms, all the way down to small domestic 
installations. It will need to be integrated with our 
transport and heating systems – with much of our 
current energy use in transport and heating, meeting 
our needs in these sectors with zero-carbon electricity 
will enable greater emissions cuts. This renewable grid 
would be quite different to the current system, which 
prioritises large, centralised power generation near 
population centres, rather than being well-equipped 
for moving power from where the greatest resources 
of renewable energy exist - North Scotland, Wales and 
offshore. 
 
There is now general agreement that significant 
investment in new grid infrastructure is necessary 
– the Innovation, Universities, Science and Skills 

Select Committee notes that “much of the current 
[grid] infrastructure is reaching the end of its 50 year 
lifetime and will need to be replaced or upgraded.”188 
If we do not build a grid capable of dealing with high 
levels of renewables now, we will lock ourselves into 
reliance on fossil fuel power generation for another 
50 years. According to the IPPR “this is an area where 
incremental reform will not be enough – the national 
grid needs to be rebuilt for the age of renewables.”189 
 
Coordination and planning are essential. To create 
a renewably powered grid will require a national 
programme of construction similar to the programme 
which built it in the first place. Due to planning 
issues and construction, grid strengthening is likely 
to take longer than installing many of the renewable 
technologies which will actually deliver power. We 
therefore need to start planning large-scale grid 
investment immediately. Denmark have recently 
undertaken this task with its EcoGrid project,190 
designed to deliver a grid “so that wind power can 
supply up to half of the power generated and many 
other renewable energy sources can be incorporated 
into the system”.191

Supply constraints2.	  – there are only three 
manufacturers of offshore wind turbines in the 
world, all of them based in Germany, with current 
lead times for orders of three years.192 There are 
also shortages of many other components for wind 
turbines and photovoltaic solar panels, as well as 
UK biomass feedstocks. While supply constraints 
will be a major issue over the next few years, over 
the medium-term there is a clear opportunity for the 
British manufacturing and engineering sectors. The 
Government should ensure that the UK does not lose 
out in a multi-billion pound market. The news that BP 
and Shell have effectively departed the UK renewables 
market in favour of the US,193 where Barack Obama 
has promised a large government-backed programme 
on efficiency and renewables, suggests that we 
must quickly and effectively incentivise low-carbon 
manufacturing in the UK.

Installation delay 3.	 – there is currently only one 
purpose-built offshore turbine installation vessel in 
Europe. It has been estimated that 7-15 are needed in 
Britain to meet the 15% target.194 Again, this is another 
opportunity for the UK to invest – as the nation 
which once had the largest shipping industry in the 
world, and with significant offshore wind potential 
there is a clear case to be made for creating the wider 
infrastructure necessary to roll out renewables rapidly, 
and reinvigorate stagnant sectors of the manufacturing 
industry.

Skill shortages4.	  – A recent ENDS report notes that 
“The lack of engineers capable of working in the 
renewables industry “threatens” the delivery of the 
[15%] renewables target”.195 As a recent report to BERR 
concludes this is “symptomatic of a historic lack of 
national investment in all levels of skills development 
in engineering.”196
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These problems require direct 

intervention and investment, with 

Government leading the way.

These problems require direct intervention and investment, 
with Government leading the way. Given recent, large-
scale government interventions in the financial sector, 
proposing such action is clearly no longer a radical view. 
With a new and expanding industry directly assisted by 
Government, an effective renewable power supply system 
can be brought on-stream quickly. This leaves the question 
of how much it will cost.

The cost of renewable energy
Any energy system must be costed in relation to 
alternatives. For a gas price of 55p/therm, the Carbon Trust 
finds that 40GW of wind power would add 3%-20% to 
electricity prices for consumers. This compares favourably 
with the average 30% rise in electricity prices in 2008 alone, 
a result of fossil fuel price increases.197 The Carbon Trust 
found that if the gas prices at the time the report went to 
press (around 90p/therm) were to persist, the extra wind 
capacity would not increase electricity prices at all. For a 
price higher than 90p, deploying wind energy on this scale 
would actually reduce the cost of electricity.198

The Carbon Trust found that with 

a gas price higher than 90p/therm, 

deploying 40GW of wind energy 

would reduce the cost of electricity.

The state of supply and demand for fossil fuels globally 
suggests that further rises or price volatility – itself a cost 
– are likely to continue in the future. A recent International 
Energy Agency report predicts that oil prices will rebound 
to more than $100 a barrel, rising to over $200 by 2030.199 
“While market imbalances could temporarily cause 
prices to fall back,” the report suggests, “it is becoming 
increasingly apparent that the era of cheap oil is over.” 200 
In order to counter the steep rates of decline of existing 
oil fields and find enough extra oil to satisfy the growing 
demand of countries such as China, the oil industry will 
have to invest $350bn each year until 2030201 – roughly 
$7 trillion dollars in total. If a portion of this sum were 
spent on renewable energy, particularly research and 
development into marine technologies, we could expect 
significant cost reductions as best practices are learned 
and developed, and as economies of scale come into play. 
The Carbon Trust estimates that an investment of £0.6-
1.2 billion would reduce the costs of installing 29GW 
of offshore wind by up to £14 billion.202 UK funding of 
renewable research, development, demonstration and 
deployment currently amounts to only £44 million a year.203

In light of fossil fuel prices’ inherent volatility, therefore, 
combined with renewables’ lack of ongoing fuel costs, 
the cost of renewable technologies is not high. Two recent 
studies suggest that in the long-term the costs of large-scale 
renewable energy systems may not exceed future costs 
implied by spiralling fossil fuel prices.

The International Energy Agency (IEA), costing a variety 
of scenarios for global energy provision, estimates the total 
cost of energy provision through fossil fuels until 2050 – its 
“Baseline Scenario” – at $250 trillion. Under an alternative 
“Blue Map Scenario”, involving a complete transition to 
renewable energy supplies over the same period, while 
total costs rise by $45 trillion, these are more than offset by 
$50 trillion in avoided fossil fuel costs.204

Gregor Czisch costs the wholesale price of electricity under 
a Europe-wide renewable energy scenario (wholesale price 
is lower than consumer price) at 4.5€c/kWh.205 Significantly, 
this is lower than current wholesale electricity prices in the 
UK, which have traded between 5.5€c/kWh and 13€c/kWh 
over the 12 months up to November 2008.206

Once in place, it appears from this evidence that 
renewables would supply power more cheaply than our 
current energy system, and be free from the price volatility 
of a fossil fuel-powered network. It is harder to estimate 
the costs of integrating large amounts of renewable energy 
and balancing their inherent variability. The challenge now 
is securing the investment necessary to fund the initial 
infrastructure shift, and the wider programme of measures 
proposed in this section. We return to this topic below. 

With North Sea oil and gas reserves 

dwindling, the UK is becoming 

increasingly reliant on energy 

imports. Only home-grown efficiency 

and renewables can insulate us 

against fossil fuel price increases, 

while creating thousands of jobs 

and strengthening our economy. 

With North Sea oil and gas reserves dwindling207 and the 
UK becoming increasingly reliant on energy imports208, 
only domestic renewables and energy efficiency measures 
can provide insulation against future increases in the 
price of fossil fuels and avoid a precarious over-reliance 
on insecure foreign energy supplies, while creating 
thousands of jobs and strengthening our economy. Short-
terms costs associated with overcoming variability would 
be investment in a long-term asset for the UK, and in 
developing a valuable skills and knowledge base. By 
investing early, the UK can gain the advantage of being a 
first mover in the enormously important growth industry 
of high-penetration renewables, with expertise that can be 
exported all over the world. 



Science Targets

29

ActionSolutions

Transport
The key to achieving zero-carbon transport is electricity. 
Electric vehicles are not only more efficient than those 
powered by the internal combustion engine; they would 
also provide valuable distributed storage capacity through 
the connection of their batteries to the national grid.

The key to achieving zero-

carbon transport is electricity. 

A major challenge for electric vehicles is their range. As 
the Energy Savings Trust point out, however, 99% of 
all journeys take place over distances of less than 100 
miles.209 Accelerating the installation of charging points 
and developing the technology for battery-swapping 
(exchanging fully-charged batteries at filling stations mid-
journey) would help deal with this issue, as would greater 
innovation in battery technologies, increasing their life 
cycle and reducing costs.

The cheapest and most efficient option for cutting transport 
emissions is to scale down the amount we currently travel, 
making greater use of video-conferencing and other 
telecommunications alternatives. Investment in an urban 
environment designed to encourage cycling and walking, 
alongside incentives to make shorter journeys on foot or 
by bike will have a clear impact in reducing emissions, as 
will increasing the average occupancy of our existing cars, 
which currently stands at only 1.6 passengers.210

We will require electric buses, light goods vehicles and 
trains. Only one third of the UK rail network is currently 
electrified – the European average being 50% – and 
additional electrification will be essential if the rail network 
is to handle further passengers and reduce the amount of 
car travel.

Aviation is perhaps the most problematic transport 
option in a zero-carbon future, and no simple solutions 
are immediately available. The extent of land-use change 
necessitated by a biofuels programme makes this an 
unsustainable option for powering planes. Generation 
of hydrogen fuels would require an extensive renewable 
energy infrastructure, while emissions of water vapour at 
altitude would continue to contribute to climate change.

Viable alternatives include expanding electrified rail links 
in the UK and across the EU as an effective substitute for 
short-haul flights, while streamlining ticket purchases 
and reducing prices for longer train journeys. When it 
comes to aviation, we must dramatically reduce demand 
by promoting alternatives. It is clear that in a future with 
very ambitious emissions cuts, aviation in its current 
technological state will necessarily be dramatically 
curtailed.

Buildings
The challenge of zero-carbon housing does not concern 
new homes, but existing homes: 80% of the homes we 
will inhabit in 2050 have already been built211. The same is 
largely true of commercial and public buildings.

Refurbishment of existing homes is estimated to produce 
around a third of the emissions of building a new one.212 
According to Government estimates, however, “the 
average existing home requires four times as much 
energy to heat as the average new home.”213 With new 
homes having to meet increasingly stringent in-use 
carbon emissions targets, therefore, it is imperative that 
refurbishment of the existing stock also tackles the task of 
reducing emissions from occupancy of the house. 

Dr Brenda Boardman of Oxford’s Environmental Change 
Institute has undertaken an extensive study on how to 
achieve an 80% reduction in emissions from UK housing 
by 2050. Her key recommendations include:

Minimum energy standards for homes at the time of • 
sale or letting based on Energy Performance Certificates

Solid wall insulation and other measures applied across • 
entire streets at a time, bringing costs down

Savings through behavioural change, driven by instal-• 
lation of smart meters and other ways of communicat-
ing energy information to building users

Immediate 3.7% annual reductions from  the housing • 
sector, the “first few years” being “critical to changing 
mindsets and the present flat trajectory”214

These measures have the potential to reinvigorate the UK’s 
construction industry and to develop skills in sustainable 
building practices.

Spending on construction in the UK is split roughly 
in half between new build and refurbishment (repair, 
maintenance and improvement).215 Refurbishment work 
is predominantly carried out by smaller firms. Changing 
the practices of these firms will be of critical importance in 
improving the environmental performance of buildings.

Some sectors of the industry are well-placed to support 
efforts to refurbish the existing stock. The Federation of 
Master Builders recently asked the Government to set out a 
policy framework for mandatory refurbishment standards 
consistent with an 80% CO2 reduction target by 2050. This 
“Code for Sustainable Refurbishment” would provide 
much greater benefits than the Government’s existing 2016 
zero-carbon target for all new homes.

Timescales are important. The urgency of ensuring climate 
safety requires that current voluntary standards such as 
the Code for Sustainable Homes and Building Research 
Establishment Environmental Assessment Method for 
non-domestic buildings be made compulsory as a Code for 
Sustainable Buildings, with standards set high and soon.
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Agriculture
Agriculture currently accounts for 7% of UK total 
emissions.216 The two largest sources of greenhouse gas 
emissions from agriculture are methane from livestock and 
nitrous oxide from artificial fertilisers. As temperatures 
rise, agriculture will be one of the first sectors to feel the 
impacts of climate change, creating a twin challenge of 
adapting to these changes, and reducing greenhouse gas 
emissions.

The agricultural sector will face 

the twin challenge of adapting 

to climate change and reducing 

greenhouse gas emissions.

As the Tyndall Centre note, reducing agricultural 
emissions to zero is likely to be impossible, due to the 
sector’s importance in food production:

Given that the majority of the non-CO2 greenhouse 
gas emissions are associated with food production, it 
is not possible, with our current understanding of the 
issues, to envisage how emissions could tend to zero 
while there remains a significant human population.217

The aim of the agriculture sector must be to reduce 
emissions as far as possible. Mitigation strategies should 
include the use of anaerobic digesters, changing livestock 
diets, along with reductions in overall livestock numbers 
and artificial fertiliser use. This should encourage a shift 
towards more organic farming, leading to greater carbon 
retention in soils.

Invest in skills
In addition to resource constraints, current shortfalls in 
the level of skills and training in the UK and the urgency 
of swift action make the problem of delivering on the 
Government’s current targets on renewables and energy 
efficiency considerably more difficult. Several reports 
have been carried out in the last two years into the skills 
shortages holding up progress in sustainable housing and 
renewable energy.

A report by Gavin Killip of Oxford’s Environmental 
Change Institute, commissioned by The Federation of 
Master Builders, examining the role of the construction 
industry in reducing emissions, found that current levels 
of understanding constitute a major obstacle. According to 
Killip “the skill-sets of traditionally-defined tradespeople 
(for example, plasterers, electricians, etc) will need to be 
expanded so that they understand enough of the low-
carbon refurbishment agenda to play their part effectively. 
This is likely to include a better understanding of how the 
interaction of different trades on-site can lead to loss of 
overall building performance.” 218 Training is most effective 
where trainees comprehend the reasoning behind a new 
mode of operation. Instructing plasterers to plaster walls 

to floor level rather than skirting height, for instance, will 
be more successful if they understand that this minimises 
draughts.

The UK Industry Taskforce on Peak Oil and Energy 
Security recently concluded that 

A national skills programme is needed to address the 
dangerous shortfalls in skills and manpower evident 
in all areas of the energy industry… To gain maximum 
economic benefit and to ensure a secure supply 
of renewable generation technologies we should 
manufacture a substantial proportion of the technology 
within the UK. This will necessitate a significant 
re-skilling – training many tens of thousands of 
professionals in new energy skills and approaches. It 
will result in jobs for construction workers, engineers, 
economists, agriculturalists and many others. 219

The Government needs rapidly and urgently to undertake 
such a course of action, through such policies as: creating 
zero carbon academies, particularly for buildings, 
engineering and agriculture; establishing bursaries 
and grants for trades-people and trainees to move into 
low-carbon sectors; assisting declining industries (such 
as North sea oil and gas) to transfer their skills; and 
promoting closer ties between zero-carbon industries and 
universities to promote research and foster clear career 
paths.

Adaptation at home
The developed world has, for the most part, not yet felt 
the impacts of climate change. But the IPCC note that 
“Even societies with high adaptive capacity remain 
vulnerable to climate change, variability and extremes. 
For example, a heat wave in 2003 caused high levels of 
mortality in European cities (especially among the elderly), 
and Hurricane Katrina in 2005 caused large human and 
financial costs in the United States.”220 

As the UK decarbonises, it must 

also ensure that changes in housing, 

agriculture and infrastructure are 

designed with a future in mind 

where the effects of climate change 

are impacting on the country.

There are good examples of applying precautionary 
principles to future-proofing countries against climate 
change. The Delta Committee, set up to advise the Dutch 
government on adapting to climate change, concluded that, 
including the effects of land subsidence, plausible upper 
limits for sea level rise were “0.65 to 1.3 meters … for 
2100, and from 2 to 4 meters in 2200.”221 Pavel Kabat of the 
Wageningen University and a member of the committee 
said, of the 1.3 metre figure, that it was “A plausible upper 
limit. Plausible in the sense of ‘it is possible’ and ‘it cannot 
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be ruled out’. Compare it to building a bridge. When 
designing it, what do you do? You take the heaviest traffic 
as starting point and add a safety margin. That’s what it 
is, a safety margin. On the basis of the state of the art in 
science, that is 1.30 meters.”222 

As the UK decarbonises, it must also ensure that changes 
in housing, agriculture and infrastructure are designed 
with a future in mind where the effects of climate change 
are impacting on the country.

Cap emissions
While the technical potential for renewable energy is 
clear and a strong financial case can be made for both 
energy efficiency and renewable energy, these alone do 
not guarantee the elimination of carbon emissions. What 
they are able to achieve is an opening of the political and 
social space for strong regulation to scale down fossil fuel 
use. The simplest approach to such legislation is a cap on 
absolute carbon budgets, contracting year on year.

The Climate Change Bill incorporates a carbon budgeting 
scheme but has been undermined to date through 
loopholes allowing international carbon trade with 
regions not as rigorously capped. A carbon cap will be 
essential to ensure that energy savings from efficiency 
are not counteracted by increased energy use in other 
sectors – the so-called ‘rebound effect’, and genuine 
long-term emissions cuts are made. A cap on carbon 
creates incentives to cut carbon emissions and provides a 
legislative structure that can completely remove it from our 
economy. 

Energy efficiency and renewable 

energy do not alone guarantee 

emission reductions.

The act of defining a carbon cap effectively allocates 
property rights to the atmosphere. In allocating these 
(valuable) rights, care must be taken to ensure a 
distribution in favour of the public interest. Defining, 
allocating and potentially trading a national or global 
carbon budget should be seen as a means to the end of 
decarbonisation, rather than a new currency.

Save global sinks
As the IPCC note “Considering that forests store more 
carbon dioxide than the entire atmosphere ... the role of 
forests is critical.” At present deforestation is a major cause 
of destruction of current carbon sinks and stocks – Hansen 
et al. note that “Deforestation [has] contributed a net 
emission of 60±30 ppm over the past few hundred years.”223 
According to the IPCC, deforestation and associated 
processes account for around 17.4% of man-made 
greenhouse gas emissions, with tropical deforestation 
in particular “the single largest contribution of land-use 
change to global carbon emissions”. Stopping deforestation 

is thus a high priority for mitigation efforts. Most 
deforestation occurs as a result of such land-use change, 
but with “expansion of settlements, infrastructure and 
unsustainable logging practices” also playing a role.224

Deforestation [has] contributed a 

net emission of 60±30 ppm over 

the past few hundred years.

IPCC

Fortunately, means of averting further deforestation at a 
relatively low cost are available. As the IPCC point out, 
there has recently been “increased attention to reducing 
emissions from deforestation as a low cost mitigation 
option, and with significant positive side-effects”, as 
outlined by the Stern Report. At a comparatively low 
price per ton of CO2 ($27) tropical “deforestation could 
potentially be virtually eliminated”.225 This can most 
effectively be achieved through commitment to sustainable 
forestry practices. In effect, current policies of destroying 
forests for agricultural land and logging are consuming 
the Earth’s “stock” of natural capital. A more productive 
approach would be to “live off the interest” – the services 
and materials provided by the forest year on year – while 
preserving (and indeed extending) this stock.

As the IPCC observe, “In the long term, a sustainable 
forest management strategy aimed at maintaining or 
increasing forest carbon stocks, while producing an annual 
sustained yield of timber, fibre or energy from the forest, 
will generate the largest sustained mitigation benefit.”226 
In particular, recycling of wood waste needs to be stepped 
up, along with active measures to prevent fire and diseases 
from pests. The IPCC also note an increasing trend towards 
intensive management, with forest plantations that account 
for only 5% of total forest cover providing 35% of the total 
wood harvest. Through serious curbs on consumption, 
greater use of waste materials from sustainable forestry 
programmes, product substitution where feasible and 
limited use of such intensive management, it seems highly 
likely societal needs for forest-derived material could be 
met while deforestation is effectively eliminated. 227

The regulatory infrastructure underpinning such an 
arrangement would surely require an outright ban on 
further deforestation. This solution is attractive in its 
simplicity, but problematic in terms of implications for 
national sovereignty. In effect, the ecological benefits of 
forests are “internationalised”: they are recognised as 
impinging on the global community and their management 
is therefore subject to international jurisdiction. However, 
the economic costs of a ban – in terms of jobs and revenues 
lost in the forest’s host country – remain confined to 
a particular state. In order to rectify this, economic 
costs must be covered by the international community: 
compensatory funding should be provided to the country 
in question, equal to the value of the economic benefits 
forfeited as a result of the ban.
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Such monies could be earmarked to fund the expanded 
forestry sector required to preserve and maintain forests. 
Similar schemes must also be created to protect and in 
some cases restore other, smaller carbon sinks and stocks. 
These include peatlands and wetlands – often subject to 
burning and draining – as well as soils and grasslands. 
Tickell estimates that covering preservation, restoration 
and management is likely to cost around $300 billion 
a year – less than OECD countries currently spend on 
agricultural subsidies.228 By comparison, the monetary cost 
of deforestation has been estimated at around $2-5 trillion 
per year.229 The UK can play its part by championing such a 
scheme at the international level.

Research sequestration
Accelerating carbon sequestration takes advantage of 
processes in the climate that we understand relatively 
well – taking us back into the zone of lower atmospheric 
concentrations which we have already experienced. 
The “Target Atmospheric CO2” paper suggests that 
reforestation of degraded land, and improved agricultural 
practices that retain soil carbon, could lower atmospheric 
CO2 by as much as 50 ppmv.230 However, the implications 
of using the biosphere to carry out this process, when it is 
already under stress from the changing climate and other 
degradation, are currently unclear.

Bio-sequestration
Most approaches to ‘artificially’ drawing carbon out of the 
atmosphere involve enhancing the capacity of ecosystems 
to sequester carbon.

Techniques include:

Biochar – creating industrial charcoal;• 

Re-afforestation – restoring forest cover, and creating • 
new forests;

Biomass energy with capture and storage (BECS).• 

Each of these sequestration techniques comes with 
concerns over the effect deployment on the kind of scale 
necessary to have an impact on atmospheric concentrations 
will have on ecosystems:

Biochar – The partial burning of biomass, such as crop 
residue or wood, through a process known as pyrolysis – 
optimally an anaerobic (oxygen-free) thermal process in 
which biomass is baked in a kiln to produce charcoal – is 
able to transform it into agricultural charcoal, or biochar. 
This carbon-rich material can then be buried in the soil, 
where it may effectively sequester atmospheric carbon 
for hundreds, or even thousands of years. Increased use 
of biochar has various potential advantages. It can enrich 
soil, increasing fertility, water retention and productivity – 
analogies are often made between biochar and terra preta 
or “dark earth”, the carbon-rich, fertile soil of the Amazon 
basin. It has also been found to directly reduce soil 
emissions of methane CH4 (up to 100%) and nitrous oxide 
N2O (by around 50%), and may also obviate the need 

for nitrogen fertilisers, currently a significant source of 
nitrous oxide, a potent greenhouse gas. Johannes Lehmann 
of Cornell University estimates that biochar 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.

There are also concerns around the 

effects of introducing biochar into 

existing ecosystems, many of which 

have successfully acted as carbon 

sinks without human intervention.

Nevertheless, risks and uncertainties surround this process, 
including around biochar’s long-term stability in soils. As 
Michael Bird of the University of St Andrews comments, 
“[t]he unknowns that remain are exactly how long [the 
charcoal] stays in the soil. In some circumstances it can be 
millions of years, or decades, depending on how it is made, 
and soil conditions.” There are also concerns around the 
effects of introducing biochar into existing ecosystems, 
many of which have successfully acted as carbon sinks 
without human intervention.

A recent study by researchers at the Swedish University 
of Agricultural Sciences found that in boreal forest soils in 
the Northern hemisphere, the long-term sink potential is 
partially offset by a loss of native soil organic matter and 
soil carbon (though these concerns may be overstated).231 
Some concerns also surround the use to which such 
technology may be put, and the regime of governance 
within which it would be utilised. Biochar schemes could 
have similar damaging effects to biofuels, with impacts on 
food availability and destruction of existing ecosystems’ 
natural sinks through land-use change for monoculture 
crop-growing – though for the foreseeable future biochar 
will utilise waste biomass that would otherwise be burnt. 

Overall, however, researchers are in general optimistic 
that with concerted research efforts into developing viable 
biochar the potential benefits of this technology are real 
and significant.

Attempting to increase sink capacity 

by planting vast monocultures would 

risk doing more harm than good.

Re-Afforestation – having first focused our attention 
on ending deforestation, and sustainably managing 
existing forests, we may examine further options. The 
Intergovernmental Panel on Climate Change concluded 
that "a sustainable forest management strategy aimed 
at maintaining or increasing forest carbon stocks, while 
producing an annual sustained yield of timber fibre or 
energy from the forest, will generate the largest sustained 
mitigation benefit."232
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Afforestation (planting new forests) and reforestation 
could provide further benefits in terms of drawing down 
carbon, but must be done sensitively and sustainably. 
Attempting to increase sink capacity by planting vast 
monocultures would risk doing more harm than good – 
monocultures can lower overall biodiversity and thus risk 
actually reducing overall sink capacity. A clear positive 
step would be to make a wholesale switch in our building 
materials industry, away from concrete, metals and 
plastics, to timber. This would mean growing sustainable 
forests which maintain biodiversity and then harvesting 
timber before it reaches full maturity, locking that carbon 
away in the form of building materials.

Biomass energy with capture and storage (BECS) – using 
this technology with sustainably produced biomass would 
result in net-negative carbon emissions, as the carbon 
sequestered during the growth of the biomass would 
be captured and stored, thus removing carbon from the 
atmosphere.233 Smaller scale carbon capture and storage 
plants that have already been built and are operating, 
they would be available long before large-scale CCS 
would be commercially viable. The cost implications of 
storing carbon from numerous small locations are unclear, 
however. The key factor is the sustainability of the biomass 
feedstock. In the UK, BECS would provide an invaluable 
flexible energy technology that can easily be turned on and 
off, helping to balance the variability of other renewable 
technologies.

Air Capture 
Direct capture of carbon dioxide from the air – the “Holy 
Grail” of climate techno-fixes – is an effort to replicate 
the mechanisms of sequestration that occur in the ocean 
and during photosynthesis on an industrial scale, using 
industrial technology.

There are three key issues a successful air capture system 
must overcome:

Energy• : University of Calgary climate scientist David 
Keith claims to have created a means of “captur[ing] 
CO2 directly from the air with less than 100 kilowatt-
hours of electricity per tonne of carbon dioxide”.234 If 
scaled up, such technology could theoretically capture 
the equivalent of all current CO2 emissions from fossil 
fuel at an energy cost under one tenth of current global 
energy demand.

Cost• : estimates range from $80-500235,236 per tonne of 
carbon captured. Such estimates involve assumptions 
about future energy costs, however, and with the IEA 
concluding that “the era of cheap oil is over”237 it is 
hard to see the lower-end of this range materialising. 
James Hansen and his co-authors point out that the ar-
tificial removal of 50 ppmv of CO2 from the air at $100 
per tonne would cost $20 trillion.238

Scalability• : it is likely that a vast surface area would be 
needed to absorb significant quantities of carbon diox-
ide from the atmosphere. Given the experimental stage 
of many devices239,240,241 it is currently unclear whether 
this will be a limiting factor.

The advantage of air capture over bio-sequestration is 
that it does not involve harnessing poorly-understood 
natural carbon sink mechanisms to draw carbon out of the 
air, with potential side effects and risks of environmental 
“blowback” associated with overloading the biosphere. 
While air capture takes carbon out of the biosphere, bio-
sequestration may put more pressure on ecosystems to 
lock-up the additional carbon, while unintentionally 
degrading existing sinks. Air capture is also more likely to 
receive international support and financing.

The advantage of air capture over 

bio-sequestration is that it does not 

involve harnessing poorly-understood 

natural carbon sink mechanisms 

which risk overloading the biosphere.

Air capture deserves further research, but clearly framed 
in the knowledge that it cannot provide a substitute 
for decarbonisation. As section 2 made clear, we must 
decarbonise as quickly as possible, which will require an 
enormous social and financial investment. Air capture 
might conceivably be a long-term aid to returning to 
atmospheric levels below 450 ppmv CO2 equivalent, but 
this will depend on costs – both financial and in terms of 
energy.

Research geoengineering?
The associations of the label “engineering” with precision 
and certainty make “geoengineering” a highly misleading 
label for the current state of research into mechanisms for 
directly altering the climate. As Alex Steffen suggests, a 
more accurate term might be “geo-experimentation or geo-
gambling.”242 The Economist notes, “History is littered with 
plans that went awry because too little was known about 
complex natural systems. As with irrigating Soviet cotton 
fields from the Aral Sea in Central Asia or introducing 
rabbits to Australia, modifying the climate will have both 
physical and biological consequences.”243

According to Stanford climate scientist Ken Caldeira, 
“The history of interventions in natural systems is one of 
systems responding in unanticipated ways. You can be sure 
that whatever we have in our models, if you actually did 
this, something would happen that’s not represented in the 
models. So I’d council in favour of a cautious approach.”244 
The IPCC suggests geoengineering proposals “remain 
largely speculative and unproven, and with the risk of 
unknown side-effects”.245 That the scientific community, 
in the face of political inertia, is now desperate enough 
to float such proposals is an alarming reflection of how 
desperate they perceive the situation has now become.246
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The Earth’s climate system is complex and dynamic, and, 
as noted above, can respond unpredictably to change. 
Overall, even with the extraordinary advances in climate 
science to date, our understanding of it has not developed 
to such a point as to allow confidence that deploying 
direct cooling techniques would not cause more harm than 
good. Furthermore, as Professor in Geophysical Sciences 
at the University of Chicago Raymond T. Pierrehumbert 
notes, “One also has to wonder whether the international 
treaties and organizations needed to agree on and execute 
a geoengineering scheme are significantly easier to realise 
than the agreements needed to decarbonise the energy 
future.”247

History is littered with plans 

that went awry because 

too little was known about 

complex natural systems.

The Economist

However, we are already undertaking two uncontrolled 
experiments globally in relation to climate change, 
thickening the blanket of greenhouse gases and injecting 
aerosols into the troposphere (largely from coal-fired 
power stations). As we established above, these aerosols 
mask heating and cause changes to the climate. There is 
already serious uncertainty as to the effect reducing such 
aerosols would have over coming decades, as air quality 
standards start to bite (particularly in Asia) and as we 
begin reducing emissions which contain aerosol particles. 
Adding to these uncontrolled experiments may pose still 
further risks.

Ideas on how to go about directly modifying our climate 
are not hard to find, and include:

building mirrors in space to reflect a portion of the • 
Sun’s energy;248

seeding the stratosphere with reflective sulphate aero-• 
sols, encouraging the propagation of clouds, which in 
turn reflect light back to space;249

mining moon dust to create a shielding cloud;• 250

seeding the Oceans with iron to stimulate plankton • 
growth, storing carbon as they die and sink;251

placing large vertical pipes in the oceans to bring nutri-• 
ent rich water to the surface, triggering algal blooms, 
which also store carbon when they die;252

using fleets of unmanned ‘cloud seeding’ boats to • 
spray mist created from seawater into the air to thicken 
clouds and thus reflect more radiation from the earth;253

reflective plastic sheets covering 67,000 square miles of • 
desert, to reflect the Sun’s energy.254

Most proposals can be dismissed as phenomenally 
expensive, misguided, dangerous, or all of these things.

Deploying mirrors into space on the scale necessary would 
involve colossal quantities of energy and resources, and 
risk making a warming world reliant on infrastructure 
of unprecedented delicacy.255 Pouring sulphates into the 
stratosphere risks damaging the ozone layer,256 causing 
mega-droughts257,258 and has various other potential 
unwelcome side effects.259 It also makes us dependent on 
further, continual injections into the atmosphere, which 
we might not be able to guarantee and whose absence 
would lead to a pulse of warming that would severely 
damage many ecosystems.260 Moon dust clouds would be 
highly unpredictable, and again would require enormous 
resources in a location that we have to date only placed 
the 210kg lunar rover and a few astronauts. While seeding 
the oceans with iron could be undertaken with existing 
technology, it might not lock up carbon as intended261 
and could have significant impacts on the marine food 
chain.262 No geoengineering measures would prevent 
further acidification of the ocean because of the raised 
concentrations of CO2 in the atmosphere, meaning the 
degradation of ocean ecosystems that currently sequester 
carbon would continue.263

Two of these proposals, however, deserve further 
research. Cloud-seeding ships would be relatively cheap 
and reversible – they could simply be turned off. They 
also appear to have fewer obvious negative side-effects: 
they do not require enormous amounts of energy or 
artificial chemicals, nor do they rely on intensifying 
natural processes. Clouds remain one of the most poorly 
understood elements of the climate system, however, and 
the seeders could potentially cause warming as well as 
cooling. The particles thrown up could have unknown 
and potentially severe consequences for the higher 
atmosphere.264 All of these issues need further research.

Most proposals can be dismissed 

as phenomenally expensive, 

misguided, dangerous, or all three.

Reflective plastic sheets covering such an enormous area 
are not problem-free. Replacing and maintaining them 
would require an enormous effort, over a very long 
period. There are also geopolitical considerations, with 
an implicit assumption – as in the case of the DESERTEC 
proposal to deploy large amounts of solar capacity in the 
Sahara – that other countries will co-operate for a certain 
price. Albedo-altering techniques appear to be relatively 
benign, however, and deserve further investigation. Recent 
research suggests that whitening the pavements and roofs 
of the world’s largest 100 cities would offset the equivalent 
of 44 billion tonnes of CO2 per year, and save money 
through reduced air conditioner use.265 Even a fraction of 
this would potentially have positive effects.
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Research into these two proposals is therefore required. 
This should ideally be internationally funded, by the UN 
or an equivalent body, with programmes not associated 
with any one country and including measures to prevent 
profiteering by vested interests. Research must also be 
carefully observed and regulated, with a moratorium on 
private experiments. 

Martin Rees, President of the Royal Society told the 
Guardian in September

It’s not clear which of these geo-engineering 
technologies might work, still less what environmental 
and social impacts they might have, or whether it 
could ever be prudent or politically acceptable to 
adopt any of them. But it is worth devoting effort 
to clarifying both the feasibility and any potential 
downsides of the various options. None of these 
technologies will provide a ‘get out of jail free 
card’ and they must not divert attention away from 
efforts to reduce emissions of greenhouse gases.266

Crucially, we must clearly recognise 

the context in which geoengineering 

is likely to be discussed – it is likely 

to be promoted overwhelmingly as an 

alternative to decarbonisation. 

Crucially, we must clearly recognise the context in which 
geoengineering is likely to be discussed – with powerful 
vested interests heavily invested in perpetuating fossil 
fuel use, it is likely to be promoted overwhelmingly as an 
alternative to decarbonisation. Given the highly speculative 
state of the discussion, and the imperative for immediate 
action to constrain emissions, it cannot replace serious 
action on reducing emissions now. Geoengineering must 
not be allowed to distract us from the scale of change that 
will be required to achieve decarbonisation and ambitious 
emissions cuts.

The most dangerous geoengineering options must be 
ruled out, with cautious research devoted to the relatively 
benign, cloud seeding and albedo modifications, without 
losing focus on the challenging task of decarbonisation. 
As Alex Steffen notes, “Hacking the only planet we’ve got 
rather than simply changing the way we live shows a lack 
of judgment, to put it mildly.” 267

Hacking the only planet we’ve 

got rather than simply changing 

the way we live shows a lack of 

judgment, to put it mildly.

Alex Steffen, World Changing

Long-term
In the longer term, and informed by extensive research 
into the mechanisms and implications of cloud-seeding 
and albedo modification, we can consider whether 
these techniques should be deployed. Although these 
are the only two geoengineering options which have no 
immediately obvious side effects which rule them out, it 
may well be that they are found lacking following further 
research and should be discounted. It is currently difficult 
to envisage under what sort of international agreement 
or framework they might be deployed, but in the longer 
term there may have been further progress in coordinating 
international efforts.

Even in the context of successful ambitious medium-term 
action, the scale of change that is ultimately necessary 
will require pursuing the emissions reduction agenda 
in a variety of different global contexts. It will require 
universalising and incentivising opportunities for 
decarbonisation, to the extent that low-carbon technologies 
and modes of behaviour become a new and unassailable 
social norm. 

Allowing every nation and 

community the space to break 

out of short-term thinking and 

address the long-term goal of living 

within sustainable limits will also 

require pursuing a wider agenda.

Allowing every nation and community the space to break 
out of short-term thinking and address the long-term 
goal of living within sustainable limits will also require 
pursuing a wider agenda – ensuring universal access 
to basic human and social rights, reducing inequality, 
promoting peace and security and creating powerful 
models and mechanisms to drive low-carbon development. 
These are good things to do in themselves, and we should 
pursue them in the short and medium term for a range 
of reasons, but in the long term, securing a firm societal 
foundation from which to manage our relationship with 
the environment wisely will require that the freedom to 
choose climate safe options is enabled and supported 
throughout the world. Without a wider social justice 
agenda which can remove the necessity to pursue only 
short-term interests, global sustainability, in the most basic 
sense of the word, will continue to allude us.
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As a nation we have been slow to realise the full value of 
the resource we hold. Development of this resource need 
not be bound by the constraint of the UK’s own variability 
of supply and consumer demand, which is already well 
balanced. With expanded international grid links, the UK 
(population 60M) has access to a much larger European 
market (population 500M). The Government should be 
able to issue bonds and begin development now, with 
confidence that the energy generated can either be sold 
overseas or the UK can manage its own demands to match 
this new supply, allowing the nation to enjoy avoided costs 
from imported fuel.

As a nation we have been slow 
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tool for large scale projects to 

develop the nation’s energy assets.

This will require setting up the financial arrangements 
that can facilitate development of wind and marine 
generating assets. A national business plan is urgently 
required, commissioned by the Government, written by 
the Treasury and drawing on expertise from DECC, BERR 
and the Carbon Trust. Britain has the potential to serve 
as a powerhouse to the rest of Europe – exporting clean 
renewable energy to the continent and recouping large 
profits.

Financing the transition
Clearly, such a course of action requires financing. 
Decarbonisation will require the rebuilding of our energy 
infrastructure; adaptation requires further funding 
commitments; preserving carbon sink capacity is likely 
to involve, at least in part, compensating those who 
are currently degrading it. There are clear economic 
arguments which justify the expense – much of our energy 
infrastructure will have to be replaced in any case, and 
protecting forests represents a very cheap mitigation 
option, but still the question remains of where the capital 
to pay for the programme will come from.

Large portions of the finance will have to come from 
Government spending its own money. Such an important 
programme of action requiring large scale coordination 
cannot safely be entrusted solely to the market to deliver. 
The programme of green spending recently outlined by 
Barack Obama268 provides an indication of the direction 
our own Government should take. Government spending 
can in itself be a boost to economic activity, a point that 
has underpinned much discussion of a ‘green new deal’ to 
boost economies with targeted green spending. 

Further finance will also be required, and in parallel, the 
Government should seek to attract and leverage private 
sector investment. The simplest mechanism is through 
the creation of Energy Bonds, issued by the Government, 
and financed either through Government or private 
purchase. Energy bonds could provide the central finance 
tool for large scale projects to develop the nation’s energy 
assets:  Strong grid infrastructure covering the windswept 
coastline of the UK; international grid connections; wind 
turbine factories; new ships to lay cable and install the 
largest of the new offshore wind turbines: R&D into large 
scale marine energy deployments.

There are clear economic arguments 

which justify the expense – much 

of our energy infrastructure will 

have to be replaced in any case, 

and protecting forests represents 

a very cheap mitigation option.

By investing early, the UK can gain the advantage of being 
a first mover in an enormously important growth industry, 
with expertise that can be exported all over the world. 
The wind and marine resource of the UK are uniquely 
powerful, representing some 40% of the entire European 
resource269. 
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The obvious challenge is the constraint put upon our 
ambition by current ‘political and economic realities’. How 
can we maximise our ambition, and deliver on it? What 
kind of action in the political arena will be required to 
drive this change forward?

These are ambitious goals – but we 

start from a position of strength. 

With the size of our potential 

renewable energy resource, and 

as a high-profile state, Britain is 

particularly well-placed to make the 

necessary transition, demonstrate 

that maintaining wellbeing in a 

zero-carbon society is possible, and 

lead the world out of fossil fuels.

Conclusion
The climate situation is now so pressing that it is forcing 
change upon us. However, we can plot a plan of action 
which would ensure we are doing everything in our power 
to meet the challenge and deliver change. 

International agreement is not a prerequisite for action 
- indeed, the slow pace of change on the international 
climate policy stage presents an opportunity for unilateral 
action to speak loudly. As a nation we can: make 
immediate reductions in our own emissions; fund and 
support international adaptation; preserve our carbon 
sinks and support the global preservation of carbon 
sinks; pursue rapid decarbonisation; adapt our own 
country to climate change; increase research funding into 
potential sequestration practices, and press for impartial 
international funding and cooperation for further 
research into cloud-seeding and albedo modification. 
Such a programme should begin with a clear, substantive 
statement of intent – a set of policy initiatives and steps to 
cut UK emissions 10% by the end of 2010.

In pursuing these steps, we would not only advance our 
own response to climate change dramatically, we would 
also significantly change the international context. We 
would send a clear message to the world that although 
the challenges posed by climate change are serious, we 
have an opportunity to meet them, deliver a quality of life 
worth striving for, improve the capacity of the world to 
collectively respond to the challenge, and attain our climate 
safety.

These are ambitious goals – but we start from a position of 
strength. With the size of our potential renewable energy 
resource, and as a high-profile state, Britain is particularly 
well-placed to make the necessary transition, demonstrate 
that maintaining wellbeing in a zero-carbon society is 
possible, and lead the world out of fossil fuels. The reality 
of the situation is that we have come to the point where 
only ambitious goals will do.

International agreement is not a 
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unilateral action to speak loudly.



38

Action
There are risks and costs to a program of action. But they are far 
less than the long-range risks and costs of comfortable inaction.

John F. Kennedy

The greatest obstacle to transforming the world is that we lack 
the clarity and imagination to conceive that it could be different.

Roberto Mangabeira Unger

Moving forward
Thus far, we have endeavoured to demonstrate the scale of 
the challenge we face, outline an adequate response to the 
problem, and sketch a programme of action to transform 
the UK into an exemplar in its response to climate change.

Clearly, achieving a response of this kind even on the scale 
of one country is a massive endeavour. Both the scale and 
the character of our response must shift significantly and 
rapidly. In this section, we outline how “business as usual” 
and “politics as usual” have failed to address the problem, 
and ways we might move forward.

Both the scale and the character 

of our response must shift 

significantly and rapidly. 

Current large-scale 
policy instruments
The most visible examples of large scale, collective 
responses to climate change thus far have been policy 
programmes designed to curtail greenhouse gas emissions, 
but which contain significant flaws. On the international 
level, there is still no example of a policy programme 
applied universally to all nations or actors: the Kyoto 
protocol binds only ‘Annex 1’ developed countries, while 
the European Emissions Trading Scheme is limited to the 
EU states plus Norway, Iceland and Liechtenstein. The 
most prominent policy on the UK level is the forthcoming 
Climate Change Bill.

The Climate Change Bill
The Committee on Climate Change, set up by the 
Government to provide advice on how the UK can meet 
its climate change goals, has made progress in more 
clearly and closely linking policy-making and climate 
science. Their initial recommendations in October 2008270 
(to increase the emissions target to 80% by 2050, including 
a consideration of emissions from international aviation 
and shipping, and suggesting the need to decarbonise 
the power sector before 2050) initially appear stringent 
and well-founded. A more detailed analysis, however, 
reveals that their recommendation is based on a global 
deal with emissions cuts of 50-60% by 2050. Atmospheric 
concentrations are projected to stabilise as high as 
460ppmv in 2200, having previously peaked even higher.

The Committee on Climate 
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Such a target fails to reflect the risk-based approach 
outlined above. As we have already established, a long-
term stabilisation of 450ppmv would lead to a temperature 
rise of 3.1°C, assuming a sensitivity of 4.5°C. While the 
Committee detail a number of the accelerating climate 
impacts observed since the 2007 IPCC report, they fail 
to integrate these into their findings, relying on a single 
model from the Hadley Centre. Although this is one of 
the world’s leading climate models, it does not include 
a number of crucial feedbacks and other processes, in 
particular the effects of an early Arctic melt. As a result, 
the Climate Bill will leave us with targets that, even if 
successfully implemented, would not succeed in securing a 
safe climate.

Nevertheless, the Climate Change Bill displays potential, 
in that it demonstrates a clear commitment to policy based 
on an appraisal of climate science, and communicates 
this understanding through the policies it advocates. The 
provisions contained within the bill include setting carbon 
budgets and five-year short-term targets for emissions cuts. 
This is a significant step forward over longer term target 
setting. In this respect, the Climate Change Bill is both a 
sign of how far the climate issue has come in the UK over 
the past five years, and of how far there is still to go.
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The EU ETS
The EU Emissions Trading Scheme is the largest and most 
sophisticated carbon trading scheme in the world. It has 
a key place as the “cornerstone of the [UK] Government’s 
policy framework to tackle climate change.”271 The 
Environmental Audit Committee state that the EU ETS 
“has been undermined by weak caps and inaccurate 
and unsatisfactory methods of allocating allowances 
to individual sectors and installations… through a 
methodology… prone to being influenced by industrial 
lobbying.”272 In some cases participants (such as the 
Netherlands) have been allocated more credits than they 
are estimated to need even to continue emissions at a stable 
level, making it unlikely that the EU ETS will have any 
constraining influence on their emissions.273 Over-allocation 
of permits to industry has in many cases provided a 
subsidy to some of the biggest polluters.274 In the 3 years 
it has been operational, weakened by over-allocation of 
credits, complicated ‘flexibility mechanisms’ for offsetting 
emissions reductions and the efforts of industry lobbyists, 
it has failed to reduce net carbon emissions by a single 
kilogram,275 a situation which may continue until 2012.276 

Carbon trading is a weak instrument for driving deep 
infrastructure change. By promoting cost as the key 
incentive in driving change, it has to date failed to effect 
the significant infrastructure shifts to clean technologies 
that will be required to meet demanding emissions cuts. 
The EUETS draws on similar flexibility mechanisms to 
Kyoto, notably the ‘Clean Development Mechanism’  - 
as a result of which,  a September 2006 report from the 
Dag Hammarskjöld Foundation concluded,‘[w]ith 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.’277

The EU ETS is more difficult to redeem as an example 
of effective policy – in part because it has such a clear 
record of failure, and in part because the Climate Change 
Bill has at least the potential to set a limiting cap over a 
particular area, (the UK). In the case of the EU ETS, the 
scheme’s flexibility mechanisms mean that there is no 
effective ‘hard cap’ on carbon emissions – that is, there 
is no guarantee that the EU ETS will reduce emissions 
within the EU. The most encouraging aspect of the EU 
ETS is that Phase I, which finished at the end of last year, 
has been characterised as the “learning by doing” phase of 
the scheme. It is clear there are lessons to be learned as we 
now continue with Phase II. Targets set by the EU ETS have 
been undermined by industry lobbying and obscured by 
flexibility mechanisms. The scheme has not penalised high 
emitters and may even have subsidised them. It has not 
incentivised deep infrastructure change, and critically, such 
a complicated and opaque mechanism, undermined by 
such widespread lobbying, has not provided clear signals 
about what kind of action is necessary, and why.

Kyoto Protocol
The Kyoto Protocol to the United Nations Framework 
Convention on Climate Change (UNFCCC) is, to date, the 
most substantial global policy instrument for engaging 
with climate change. However, in 1997 when the agreement 
was negotiated, it reflected political compromise above and 
beyond any connection with the demands of the scientific 
evidence. The protocol is thus beset with limitations – it 
has no clear basis for the commitments to which it seeks 
to hold parties and doesn’t cover all greenhouse gases 
or all sectors of emissions. “Flexibility mechanisms” 
built into the structure of the protocol allow parties to 
offset emissions reductions by trading permits, or by 
financing large-scale low-carbon development projects 
in the less-developed world – weakening the force of the 
protocol to drive emissions cuts in real terms.280 Perhaps 
most critically, Kyoto fails to include any enforcement or 
compliance mechanisms which carry weight.281 Weakened 
by these inherent shortcomings, Kyoto has failed in its 
objectives to avoid dangerous climate change. Although 
by 2005, overall Kyoto parties had reduced their emissions 
by 2.7% (0.5GTC) from 1990 levels,282 with emissions now 
rising in 17 signatory countries283, it is clear the overall 5% 
target will not be met.
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Critically, Kyoto has not motivated changes in behaviour. 
Emissions cuts have occurred largely due to events 
disconnected from climate policy – attributable to 
shrinking economies caused by the collapse of the Soviet 
Union, and, in countries like the UK, shifts from coal to 
gas in generating electricity, driven by cost considerations 
rather than climate policies. Now, as the economies of 
former Soviet countries have been strengthened, and 
with rising gas prices encouraging a shift back to more 
polluting fuels such as coal, emissions are again rising, 
at growth rates three times faster than the IPCC’s “worst-
case” scenario.284 Kyoto has not restricted high-polluting 
behaviour, has not incentivised change in emissions levels, 
and, reflecting political compromise rather than scientific 
rigor, has provided no clear signals as to what effective and 
appropriate action is required to cut emissions.  As Tony 
Blair has stated “it is clear Kyoto is not radical enough.”285
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Kyoto’s replacement is scheduled to be agreed in 
Copenhagen in December 2012. The challenge for 
policymakers and civil society is to ensure that whatever 
mechanism replaces Kyoto embodies a risk-based 
response to the science, and includes strong enforcement 
mechanisms. It must also quickly drive substantive short-
term action to curb global emissions.  Early signs have been 
concerning, with the debate currently being framed by the 
aim of achieving 50% cuts in global emissions by 2050.286 If 
this is the basis on which an international agreement is to 
be negotiated, it will inevitably be inadequate.

The challenge for policymakers 

and civil society is to ensure that 

whatever mechanism replaces Kyoto 

embodies a risk-based response to 

the science, and includes strong 

enforcement mechanisms.

The social and political 
context for responding
Specific blockages
Various features of the climate crisis make it inherently 
difficult for the public to fully come to terms with. 
Climate change fails to register easily on our natural “risk 
thermostat”287 – the dangers are difficult to perceive and 
often indirect, with effects that are often uncertain, as well 
as geographically and temporally distant. The ingrained 
short-termism of mainstream politics, constrained by 
the electoral cycle, has made it more difficult for climate 
change to gain a central position on the public agenda. As 
a result, there is a risk that our response may come only 
as the severest impacts of climate change kick in, impacts 
which may well be greater than we can successfully adapt 
to.

The media’s ownership, structure, advertising-led funding 
model and reliance on PR material have served to align it 
with economic interests strongly supportive of business-
as-usual. As a result, climate change has been pushed 
down the public agenda, with government intervention 
and regulation, as the IPPR note, often quite successfully 
framed as issues of government intrusion, “green spin” 
and stealth taxation.288 Climate change deniers, largely 
funded by fossil fuel interests, have been able to gain 
access to the media through misleading PR efforts – on 
which an under-resourced media, with a lack of specialist 
scientific expertise and shortfalls in both time and 
personnel, have often been reliant.289 The alignment of 
many media institutions with the economic status-quo has 
been at least as significant in acting as an echo chamber 
for the arguments of climate change deniers,290 while 
tending to promote piecemeal, “reformist” solutions to 

climate change.291 The resulting contrast between such 
small day-to-day actions and frequent reports on the 
catastrophic scale of the problem, as the Tyndall Centre’s 
Tim Lowe points out, can “make the public’s response 
seem insignificant, futile and in some cases too late to make 
a difference”.292

The profound influence of business on Government 
represents another significant barrier to change. Funding 
for political parties, potential economic damage from 
divestment and capital flight, lobbying efforts, and the 
“revolving door” of influence between policymakers and 
major business representatives are all important levers 
open to businesses wishing to influence policy. The main 
business lobby group in the UK, the Confederation of 
British Industry, has lobbied hard and often successfully to 
water down the Climate Change Bill, and has supported 
the expansion of aviation and coal-fired power, in 
collaboration with particular businesses from these 
sectors.293
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A culture of “reasonableness”
While political pragmatism therefore orients policy in 
one direction, scientific necessity urgently demands a 
radically different one. In many cases, those formulating 
and advocating policy on climate change have been 
willing to fudge the conflict between the two, forcing 
scientific evidence into the constraints of political 
“realism”. Individuals whose advice has been central to 
the advancement of climate policy – such as David King, 
until recently the Government’s chief scientific adviser, and 
Nicholas Stern, lead author of the UK Government report 
on the economics of climate change – have embraced 
an emissions threshold widely accepted as constituting 
dangerous climate change, Stern advocating stabilisation of 
concentrations at 500 ppmv CO2 equivalent294, while King 
advocates a “reasonable” and politically realistic target of 
550 ppmv CO2 equivalent.295

This compromise is accepted on the basis that their advice 
would not otherwise be taken seriously, or would not be 
“politically possible”. With high-profile policy advocates 
tailoring their advice in this fashion, campaign groups 
and other commentators have often felt unable to question 
these targets, despite growing evidence that they are not 
sufficient to keep us in the climatic safe zone.

Discussion of climate change appears to have been 
constrained by a culture of “reasonableness”, with groups 
and individuals active on policy advocacy not willing 
to step too far outside the bounds of perceived ‘political 
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reality’. Stating fully and frankly the implications of the 
most recent scientific evidence is to risk being marginalised 
and dismissed as “alarmist” or “crazy”, losing access to the 
media and to policymakers, and potentially also to support 
from funders. This has been combined with a deep-seated 
culture of reticence in scientific circles, exacerbated by 
constant, vocal attacks from climate change deniers and 
delayers. As a result, a self-reinforcing cycle of buck-
passing has been established, with:

scientists•	  deferring to policymakers on targets and 
definitions of “dangerous climate change”;

climate action groups•	  deferring to the IPCC and 
conservative scientific predictions;

large NGOs •	 constrained in what they can advocate by 
the need to secure continued access to policymakers;

politicians•	  reluctant to appear extreme by 
“outbidding” environmental groups;

civil servants and public administrators•	  deferring to 
conservative scientific predictions;

businesses•	  constrained by their own commercial 
interests and the perceptions of the wider business 
community.

Government inaction has lowered expectations, which 
has continued to hinder serious action. When opportunity 
knocks, or new evidence demands new responses, 
imaginative and bold leadership seldom emerges. 

Unfortunately, action adequate to meet the scale of the 
challenge seems to be beyond the capacity of the political 
process in its current mode.

Inspiration
In seeking to understand the speed and scale with which 
change can come about, we can draw inspiration from 
historical examples of vast or rapid societal change in 
response to an overwhelming threat, or a change in 
circumstances.

The nature of the threat posed by an enemy during 
wartime is very different to that posed by climate change. 
Nevertheless, the Second World War provides a clear 
and striking example of how entire economic systems 
can be quickly re-ordered in times of dire need. During 
the Second World War, over five years the US expanded 
military spending by 42 times and shifted the entire focus 
of their society to serve the war effort, in the process 
reinvigorating the economy, slashing unemployment and 
boosting GNP.296

Widespread instability in global financial markets has 
recently seen massive and rapid government intervention. 
Nicholas Stern has warned that the risk consequences 
of ignoring climate change will be greater than the 
consequences of ignoring risks in the financial system. 
Faced with instability in the global financial system, the 
US Government instigated a $700 billion bailout package 

for US banks – the UK Government following suit with a 
£400 billion aid package with up to £50 billion investment 
of public money in the banking sector.297 When a threat to 
something seen as vital is perceived as sufficiently urgent 
and serious, a rapid response can be mobilised. As Gordon 
Brown put it, “extraordinary times call for bold and far-
reaching solutions.”298
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Massive infrastructure change is not only possible, but a 
well-understood feature of our recent past. The Carbon 
Trust note that the challenge of deploying 29GW of 
offshore wind by 2020, a change which would make 
the UK self-sufficient in energy over the first half of the 
21st century, is similar to the scale of the challenge in 
developing North sea Oil and Gas.299

The Danish island of Samso has over the last ten years 
achieved a 140% reduction in its carbon footprint – 
selling 40% of its energy back to the Danish mainland 
to balance emissions from transport and other sectors. 
Impressively this has been achieved in a community that 
before 1997 had little interest in where their energy came 
from, and now contains a large number of renewable 
energy enthusiasts. Although a small example, Samso 
demonstrates the potential for turning substantial action to 
meet the climate challenge into a social norm, in a planned, 
involving and ultimately highly successful way.300

In different ways, these examples show that when it is 
required, whether in response to a change in circumstance 
or the desire to develop something new, rapid change is 
possible. Clearly each of these examples has its limitations 
and caveats, but equally, these different examples 
demonstrate a breadth of considerable creativity and 
resilience in their responses to challenging problems.

Massive infrastructure change is not 

only possible, but a well-understood 

feature of our recent past.



42

Mobilising public will
While ambitious responses that meet the demands of 
the scientific evidence have been lacking to date, it is 
not so much the practical feasibility of transformative 
programmes that have constrained action, as a lack of 
political will to implement them. As political analyst James 
Humphreys has pointed out, “a couple of competent civil 
servants could within a week or two have drawn up a 
robust plan to deliver the necessary reductions, at any 
point over the last 15 years – had the political will been 
there.”301 David Miliband, Labour’s Foreign Secretary, has 
stated that “[t]he challenge we face is not about the science 
or the economics.  It is about politics – breaking the logjam 
that holds back progress.”302

How can this logjam be broken? 

For a number of reasons, mobilising 

public will is crucial in creating 

the impetus for change.

How can this logjam be broken? For a number of reasons, 
mobilising public will is crucial in creating the impetus 
for change. While governments can and often do pursue 
policies in the face of public opposition, this tends to 
require the backing of other powerful interests and sectors, 
particularly of business and the media. In the case of 
climate change, however, such sectors tend to present 
obstacles to government action. Nonetheless, as we have 
seen in the case of such issues as GM food, sufficient public 
opposition can succeed in overcoming such influence. 
Governments can also successfully win round public 
opinion to new policies by taking risks. The depth and 
scale of the change required, however, are likely to have a 
marked and readily-discernible impact on the day-to-day 
lives of citizens, making clear public backing a necessity.

There is some compelling evidence that, in the absence 
of such backing, governments feel sharply constrained. 
Al Gore, for instance, while acting as a strident voice 
for change in the public arena, has, in a step that many 
find deeply counter-intuitive, turned down the offer 
of a place in the US Government. Instead, he is using 
his political platform to help build a broad popular 
mobilisation, countering the vested interests that he 
himself acknowledges prevented any effective action 
during his previous term in office.303 In the UK, Greenpeace 
Director John Sauven remarks that “[Gordon] Brown will 
say to you, he’s said to me before: ‘What are you doing to 
mobilise the public? Why aren’t you getting the public on 
board? Why aren’t you opening up the political space?’”304 
Both of these examples attest to the same fact: mobilising 
public support will be crucial in creating the conditions for 
strong and swift government action.

Specific observations
Different groups can play different roles in mobilising 
the public. Below, we outline our suggestions for how the 
resources at our disposal can best be directed towards this 
task – identifying the most effective role a range of key 
actors can play in mobilising the political will required. 
Such an outline cannot deliver any “magic bullet” or 
chemical formula that will bring about the necessary 
change overnight. Rather, we can identify broad areas and 
key proposals that, if pursued effectively and persistently, 
can help move us to an effective response.

NGOs – Campaign groups, 
think tanks, political parties
There is pressure from multiple sides on organisations 
which seek to effect change – from the climate science 
community comes a sense that despite the progress that 
has been achieved, the pace of change is not sufficient to 
meet our growing understanding of a worsening situation. 
From the political world there are examples of leadership 
on climate change which goes beyond what NGOs, 
constrained by the difficult game of balance they must play, 
are able to offer. Political parties are constrained by the 
necessity of appealing to their constituencies, who often 
rate environmental concerns as relatively unimportant.

The time has come to assess 

wider strategic goals.

With the introduction of the Climate Bill in the UK 
in no small part due to the efforts of environmental 
organisations, a moment of opportunity has opened up for 
NGOs engaging with these issues. The time has come to 
assess wider strategic goals. NGOs can play a valuable role 
in framing the debate and in mobilising their constituencies 
of support.

Share and promote expertise. The climate science 
community and renewable energy specialists are keen to 
see their work communicated and influencing policy to a 
greater degree. Closer engagement with these communities 
would allow their often excellent and highly relevant work 
to be brought to a wider public. It would also provide a 
solid foundation for ambitious policy advocacy on climate 
change which meets the scale of the challenge.

Present a united front. The environmental movement has 
done a good job of unifying behind several key issues – 
recently in calling for the 80% target and in opposing new 
coal. The challenge is to replicate and widen the successful 
cooperation of recent years in the service of even-stronger 
calls for change, providing broad and consistent support 
for a powerful message which does not reflect only ‘lowest-
common-denominator’ agreement. Sectors of the NGO 
community with a clear stake in the issue – including 
refugee and human rights groups – have in the past tended 
largely to ignore climate change.305 There is an urgent 
need to engage and involve the expertise, experience and 
communities such sectors represent.
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Promote core values. A good deal of NGO activity has 
thus far been aimed at promoting small-scale behavioural 
change, often pursued by utilising mainstream marketing 
techniques. Yet evidence is accruing that certain “core 
values” are crucial to the commitment and persistence 
with which environmental goals are pursued by the public, 
while such standard marketing techniques, by aiming 
to exploit the existing, “materialistic” and “extrinsic” 
motivations of a largely consumerist society for pro-
environmental ends, may in fact be helping to foster 
and reinforce precisely the kind of values that currently 
represent a serious barrier to change. A debate needs to 
take place among environmental organisations on whether, 
given the urgency of the situation, a different approach is 
needed. Such groups may instead need to draw on and 
promote the values and principles which guide their work.

In their report Weathercocks and Signposts, WWF suggest 
that in order for NGOs to contribute to substantial 
change, they must seek to foster and potentially to frame 
campaigns in terms of 

intrinsic values – a sense of connectedness with 
the natural world, or empathy for people in a 
drought-stricken country or for future generations 
… While campaigns remain focused on appeals 
to extrinsic goals [such as social status or financial 
success], it will be correspondingly more difficult 
to motivate individuals to adopt significant 
behavioural changes; such behavioural change 
will be seen as ‘out-of-reach’,  and emphasis 
will remain on simple and painless steps.306

Such an approach requires that insights into human 
motivations from the fields of marketing and 
communications be directed towards significantly different 
ends – nurturing “latent” values and challenging those that 
may be actively harmful.307 While this change of direction 
cannot happen overnight, NGOs need urgently to consider 
whether current strategies are sufficient to address the 
scale and urgency of the problem.
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Government & Policymakers
Government holds a pivotal position in enabling an 
effective response to the climate crisis. Government can 
set the framing conditions within a society that give rise 
to, prompt, and enable change. They have the legislative 
potential to instigate wide-ranging and systematic 
reform on a large scale. Few bodies are as well resourced 
to draw on assessments of the scientific position, or to 
undertake work examining how to change the way that 
society operates. While Governments are clearly subject to 
significant constraints, there are nevertheless a number of 
ways they may effectively use the political space open to 
them to open up further space for change.

Make actions consistent with messages. The public are 
understandably unlikely to buy into serious action on 
climate change if the Government is visibly pursuing 
environmentally damaging and often high-profile 
policies.308 Government must therefore be prepared to 
‘walk the walk’. In order to demonstrate their commitment 
to meaningful action to the wider society, Government 
departments can lead the way in making and publicising 
emissions cuts in a range of areas across the public sector. 
Decisions across different departments must also be co-
ordinated and consistent. Clear progress has recently been 
made in creating a unified Department of Energy and 
Climate Change, yet questions remain over how effective 
or committed it is likely to be. The Government should 
use the creation of this body as a clear opportunity to 
demonstrate that climate change will indeed be a central 
concern in guiding policy. 

Engage the public. With Government leading the way, 
public information campaigns, much like those on public 
health issues, can allow Government to convey clearly 
that climate change is happening now, and that there 
is an urgent imperative for action. Yet such schemes 
may not achieve the level of public engagement that is 
so urgently required. Opening political space further 
with the public may best be facilitated through a wide-
ranging public process of deliberation and discussion, to 
stimulate engagement with the issue, raise awareness of 
the urgency of the problem, and further demonstrate the 
status of climate change as a Governmental priority. The 
overarching aim must be to draw the whole society into 
dialogue as stakeholders. 309

In this way, Government could effectively facilitate an 
open discussion, taking place across the country, on how 
to respond to climate change. Expert involvement will be 
crucial in ensuring that such a process has access to key 
information. Such a process should also aim to involve and 
energise existing social networks – religious communities, 
or local branches of the Women’s Institute, for instance. 
Since public distrust may well prove to be an obstacle, a 
figurehead with clear perceived and actual independence 
should be appointed to guide and oversee the project. 
It should be co-ordinated, informed and tied together 
nationally through a mass media component, guided 
by trusted and authoritative voices. Individuals such as 
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David Attenborough, already involved in communicating 
the issue and who topped a poll of the most trusted 
individuals in Britain,310 may provide the perfect example 
of candidates for such a role.

Show leadership, take risks, and exploit windows of 
opportunity. Policymakers are often best placed to bring 
about far-reaching reforms during periods of expanded 
political possibility. When Governments or administrations 
change, space can open for new policy direction. 
Significant political changes in other parts of the world – 
the inauguration of a new US President, for instance – may 
help shift the political ground. Governments should be 
ready to use such opportunities to advance solutions to the 
climate challenge.

Perhaps even more compellingly, the pressing need 
for a solution to the economic crisis, for instance, may 
have placed new opportunities on the public agenda. 
With the Government preparing major programmes of 
public spending as a stimulus to the economy, a range of 
voices – Sir Nicholas Stern, Barack Obama and the United 
Nations among them311 – are calling for such a programme 
to be oriented along the lines of a “green new deal”, to 
rapidly develop the infrastructure for a future sustainable 
economy. With significant economic and social benefits 
providing a powerful incentive, the Government must 
capitalise on this opportunity for urgent and concerted 
action.

Communicators – Climate 
scientists, public figures
Make the science visible, real and accessible. The 
Tyndall Centre describes public perceptions of climate 
science as occupying the status of a “quasi-reality” – a 
“reality that thus far is defined by expert knowledge and 
is surrounded by uncertainty”. 312 Yet with vested interests 
able to summon their own “experts” and exploit the 
perception of uncertainty, public perceptions have been left 
confused and distorted. It is valuable that the underlying 
facts of climate change are presented as “presumed 
knowledge” – preventing the efforts of climate skeptics 
from sapping energy needed to communicate the problem 
well. However, we cannot rely that the presentation of 
the issue in this way will be sufficient – communicators 
must also be able to explain why the underlying facts 
deserve this status, communicating with clarity significant 
scientific developments and the risks they pose without 
reopening debates that have already been hard-won. 
In communicating the science effectively, they must 
emphasise that climate change is not some distant disaster 
waiting to destroy society, but rather that it is a current 
reality – a rapidly accelerating process, the effects of which 
are being felt now.

Convey hopeful futures. While the rhetoric of climate 
change as a looming catastrophe has been well developed, 
depictions of viable and hopeful futures have yet to 
be envisaged and represented to the same extent. 
Nevertheless, there is evidence that the public wish to 

hear about such solutions.313 These solutions need to be 
made as real as the problems, with narratives of optimism 
becoming integral to the stories we tell about climate 
change. A strong case can be made, indeed, that positive 
visions should now assume a central position. Such visions 
must be coherent, powerful, and compelling.314

Promote a change in values. Prominent writers and 
cultural producers can be an important source of ideas that 
change public consciousness and lay the basis for wider 
social change. In particular, their output can help catalyse 
a shift in public values and perceptions. Recent work 
exploring the bases of human happiness and challenging 
current societal and governmental priorities have opened 
crucially important areas for reconsideration and public 
debate. Nonetheless, the depth of this vital, “profound 
philosophical discussion [on] who we are and what 
progress means”315 needs to be given a much higher profile, 
and to penetrate much further.

Challenge political “realism”. Public policy advocates 
have often limited their public pronouncements to avoid 
stepping beyond the constraints of what is “reasonable” 
or politically feasible. In watering down proposed targets 
and policy goals, however, they have served to limit 
the pressure on Governments for the kind of serious 
action required. Ironically, this has helped to turn such 
perceptions of “political reality” into self-fulfilling 
prophecies. Communicators should acknowledge the 
potential, and historical precedents, for rapid and far-
reaching societal change. Public communicators from 
the fields of politics and climate science have recently 
pursued such approaches with a good deal of success 
by challenging prevailing notions of what is “politically 
possible” and recalling periods in history when major, 
rapid change has been mobilised. 316 This approach has 
made progress already, and should be adopted much more 
widely.

Citizens
Build change from below. The Danish island of Samso, 
which reduced its carbon emissions by 140% in 10 years, 
provides an inspirational example of how social dynamics 
can be used to effect some remarkable changes. As Robin 
McKie writes in the Observer, “What has happened here 
is a social not a technological revolution. Indeed, it was 
a specific requirement of the scheme, when established, 
that only existing, off-the-shelf renewable technology be 
used. The real changes have been those in attitude.”317 Such 
transformations from below can thus provide inspirational 
examples of what can be achieved through concerted 
grassroots action. Community activists and members 
of the public can help catalyse a shift towards collective 
engagement by forming and promoting bottom-up 
organisations and networks. Already-existing community 
groups and social networks – such as the Women’s 
Institute, Transition Towns, religious communities and 
local organisations – may provide fertile ground for raising 
awareness, mobilising support and exerting pressure on 
Government.
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Pursue active citizenship. The widespread emphasis 
on “green consumerism”, and on “small actions” by 
individuals, have too often allowed public appetite for 
change to be misdirected into insubstantial actions.318 
In its place, action should be framed by a discourse of 
active citizenship, directed at shaping the overarching 
framework of Government policy. One promising example 
of this approach has been Friends of the Earth’s “Big Ask” 
campaign, which successfully mobilised a campaign of 
public pressure for Government legislation on climate 
change.319 In the United States, the ‘We Can Solve It’ 
campaign is taking a similar approach, using a mass 
mobilisation to press for a transformative policy shift. 
Recent instances of civil disobedience in the UK have won 
support from climate scientists and members of all main 
political parties, while raising the profile of damaging 
policies. Perhaps most promisingly, such actions also 
appear to have energised areas of opposition to these 
policies within Government.320

Conclusion
Serious, entrenched obstacles to change remain, as the 
scientific evidence continues to worsen. Yet in area after 
area, the prospects for ambitious action on climate change 
in the UK are more promising than they have been at any 
point to date. Notably, in the last few years alone, public 
discourse on the issue has shifted in ways that would 
have been almost unimaginable only a few years ago. 
An Inconvenient Truth, the high-profile Stern and IPCC 
reports, and many other efforts have helped bring the issue 
to a wider public – climate change is now part and parcel 
of public discourse, with politicians and political parties 
often seeking to out-bid one another in establishing their 
green credentials. The Big Ask campaign has galvanised 
mass popular pressure, with half a million people writing 
to MPs and achieving a landmark success in bringing the 
Climate Change Bill into being. In concert with further 
public mobilisation, major NGOs have successfully worked 
together in strengthening the Bill in the face of sustained 
opposition from the business lobby. Recent Climate Camps 
have become major focal points of media attention, raising 
public consciousness and bringing serious, concerted 
pressure to bear on Government. In the US, the “We” 
Campaign has brought together nearly two million people 
to campaign for decarbonisation of electricity in the next 10 
years.

While these major strides forward have helped condition 
the political landscape, a sudden convergence of recent 
events may have left it primed for significant change. 
With the environmental sector declaring victory over the 
Climate Change Bill, space for stronger calls to action 
has opened up. A rapidly worsening economic crisis has 
provided three stark lessons: that when governments 
let go of the steering wheel, disastrous results can 
ensue; that prioritisation of short-term benefits can lead 
to catastrophe in the long-term; and that, given the 
political will, concerted emergency action can quickly 
be mobilised. In the US, the Palaeolithic climate policies 
of the Bush administration have been consigned to the 

political wilderness. And the prospect of government 
action through a “Green New Deal” – with Barack Obama, 
Nicholas Stern, Germany’s Vice Chancellor and the UN 
among its proponents – looks ever more convincingly like 
an idea whose time has come. A window of opportunity to 
seize the political initiative has opened.

A rapidly worsening economic crisis 

has provided three stark lessons: 

that when governments let go of the 

steering wheel, disastrous results can 

ensue; that prioritisation of short-

term benefits can lead to catastrophe 

in the long-term; and that, given the 

political will, concerted emergency 

action can quickly be mobilised.

Yet even as the window of political opportunity expands, 
the crescendo of climate change continues to build. 
Arctic sea ice is melting, across the planet ecosystems 
are degrading, rising atmospheric concentrations of 
greenhouse gases are trapping heat in the Earth system 
at ever more dangerous levels, even as heat caught in 
the thermal inertia of the oceans continues to drive 
temperature rise. Coal power plants continue to be built, 
forests continue to be destroyed, politicians continue 
to play for time, uncomfortable truths continue to be 
obscured, and vulnerable people continue to be displaced, 
dispossessed and killed by the impacts of climate change. 
Scientific reality is bringing the horizon of the future 
relentlessly closer.

Although the challenge may seem daunting, we still have 
the time and agency to respond. We may even find that 
setting out along the course of an appropriate response will 
settle some of the fears and questions which accompany 
engaging with the issue. By front-loading the action we 
take to reverse current trends of emissions growth, cutting 
our emissions in the UK 10% in the next few years, and 
seeking to scale up a response that meets the challenge, we 
can manage the risks to which we are exposed and act with 
agency and purpose. We must respond with creativity, 
and with a commitment to long-term sustainability which 
has to date largely eluded us. The goal is not merely to 
survive, but to overcome the enormity of the challenge and 
create a future that we would wish to realise in any other 
circumstance. We must clearly articulate visions of what a 
resilient, climate safe society will be – a society which will 
be written in the language of policy, but will have to be 
made real in the imagination and creative spirit of those 
who build it. That is, of us all.

As ever, the past grows longer, and the future grows 
shorter. And the time to start is now.



46

Endnotes
1 Paul Eccleston, “Climate change accelerating far beyond the IPCC forecast, WWF says”, Tele-
graph, 20 October 2008. Available online at: http://www.telegraph.co.uk/earth/main.jhtml?xml=/
earth/2008/10/20/eawwf120.xml.
2 “Arctic sea ice reaches its 2nd-lowest level in nearly 30 years”, LA Times, 30 August 2008. Avail-
able online at: http://articles.latimes.com/2008/aug/30/science/sci-arctic30.
3 http://www.arctic.noaa.gov/
4 Sir John Holmes: Julian Borger, “Climate change disaster is upon us, warns UN”, Guardian, 5 
October 2007. Available online at: http://www.guardian.co.uk/environment/2007/oct/05/climat-
echange.
5 “Sea ice extent” measures the area of ocean where there is a concentration of ice relative to water 
of at least 15%. See: http://nsidc.org/news/press/2007_seaiceminimum/20070810_faq.html.
6 “Arctic Sea Ice Shatters All Previous Record Lows”, NSIDC press release, 1 October 2007. Avail-
able online at: http://nsidc.org/news/press/2007_seaiceminimum/20071001_pressrelease.html.
7 “NSIDC Arctic Sea Ice News Fall 2007”, NSIDC. Available online at: http://nsidc.org/news/
press/2007_seaiceminimum/20070810_index.html.
8 “Arctic Sea Ice Shatters All Previous Record Lows”, ibid.
9 “Arctic Sea Ice Down to Second-Lowest Extent; Likely Record-Low Volume”, NSIDC press 
release, 2 October 2008. Available online at: http://nsidc.org/news/press/20081002_seaice_pressre-
lease.html.
10 Calculated by combining the reduction in sea ice thickness (50%) and the reduction in extent 
(39%) since 1979.
11 David Adam, “Loss of Arctic ice leaves experts stunned”, Guardian, 4 September 2007. Avail-
able online at: http://www.guardian.co.uk/environment/2007/sep/04/climatechange.
12 Deborah Zabarenko, “Arctic ice second-lowest ever; polar bears affected”, Reuters, 
27 August 2008. Available online at: http://www.reuters.com/article/environmentNews/
idUSN2745499020080827.
13 NSIDC, “Arctic sea ice extent at maximum below average, thin”, 7 April 2008. Available online 
at: http://nsidc.org/arcticseaicenews/2008/040708.html.
14 K. A. Giles et al., “Circumpolar thinning of Arctic sea ice following the 2007 record ice extent 
minimum”, Geophysical Research Letters, 2008, DOI: 10.1029/2008GL035710, in press.
15 Kathryn Young, “Canada’s Inuit facing ‘cultural genocide,’ says Arctic expert”, Canada.com, 
23 November 2007. Available online at: http://www.canada.com/cityguides/winnipeg/info/story.
html?id=886e1d36-01c8-4ef6-8d60-a9460b815f62&k=34394.
16 Steve Connor, “Scientists warn Arctic sea ice is melting at its fastest rate since records began”, 
Independent, 15 August 2007. Available online at: http://www.independent.co.uk/news/science/
scientists-warn-arctic-sea-ice-is-melting-at-its-fastest-rate-since-records-began-461632.html.
17 Andrew C. Revkin, “Retreating Ice: A blue Arctic Ocean in summers by 2013?”, International 
Herald Tribune, 1 October 2007. Available online at: http://www.iht.com/articles/2007/10/01/
sports/arcticweb.php.
18 Jonathan Amos, “Arctic summers ice-free ‘by 2013’”, BBC Online, 12 December 2007. Available 
online at: http://news.bbc.co.uk/1/hi/sci/tech/7139797.stm.
19 Kathryn Young, ibid.
20 Steve Connor, ibid.
21 Richard Black, “No 2008 record for Arctic sea ice”, BBC Online, 16 September 2008. Available 
online at: http://news.bbc.co.uk/1/hi/sci/tech/7619770.stm.
22 IPCC Fourth Assessment Report, WG I, Technical Summary, p. 73.
23  Randolph E. Schmid, “Climate change reshaping Arctic”, USA Today, 17 October 2007. Avail-
able online at: http://www.usatoday.com/news/washington/2007-10-17-4029351391_x.htm.
24 Mark C. Serreze and Julienne C. Stroeve, “Standing on the brink”, Nature Commentary, 9 
October 2008, doi:10.1038/climate.2008.108. Available online at: http://www.nature.com/cli-
mate/2008/0811/full/climate.2008.108.html.
25 David M. Lawrence et al., “Accelerated Arctic land warming and permafrost degra-
dation during rapid sea ice loss”, Geophysical Research Letters, Vol. 35, L11506, 2008, 
doi:10.1029/2008GL033985.
26 Edward A. G. Schuur et al., “Vulnerability of permafrost carbon to climate change: implications 
for the global carbon cycle”, Bioscience, Vol. 58, No. 8, September 2008, doi:10.1641/B580807, pp. 
701-714. 
27 David M. Lawrence et al., ibid.
28 Ibid.
29 “Permafrost Threatened by Rapid Retreat of Arctic Sea Ice, NCAR Study Finds”, NCAR Press 
Release, 10 June 2008. Available online at: http://www.ucar.edu/news/releases/2008/permafrost.jsp.
30 M. Torre Jorgenson et al., “Abrupt increase in permafrost degradation in Arctic Alaska”, Geo-
physical Research Letters, Vol. 33, L02503, 2006, doi:10.1029/2005GL024960.
31 Dmitry Solovyov, “Mammoth dung, prehistoric goo may speed warming”, Reuters, 17 Septem-
ber 2007. Available online at: http://www.reuters.com/article/newsOne/idUSL1076886120070917.
32 United Nations Environment Programme, “Global outlook for ice and snow”, UNEP, 2007. 
Available online at: http://www.unep.org/geo/geo_ice/.
33 “Melting Ice – A Hot Topic? New UNEP Report Shows Just How Hot It’s Getting”, UNEP Press 
Release, 4 June 2007. Available online at: http://www.unep.org/Documents.Multilingual/Default.as
p?DocumentID=512&ArticleID=5599&l=en.
34 Engelhaupt, E. “Don’t be fooled by seemingly “permanent” permafrost”, Environ. Sci. Technol., 
DOI: 10.1021/es802699z
35 David Lawrence, private communication. “Unfortunately, it really isn’t easy to estimate how 
long this will take.  I can really only speak about our efforts and we have a long way to go.  Real-
istically, we are talking about years.  Model development is a slow process with a lot of one step 
forward, two steps back.” 11 November, 2008.
36 Steve Connor, “Exclusive: The methane timebomb”, Independent, 23 September 2008. Available 
online at: http://www.independent.co.uk/environment/climate-change/exclusive-the-methane-
time-bomb-938932.html.
37 N. Shakhova et al., “Anomalies of methane in the atmosphere over the East Siberian shelf: Is 
there any sign of methane leakage from shallow shelf hydrates?”, Geophysical Research Abstracts, 
Vol. 10, EGU2008-A-01526, 2008, SRef-ID: 1607-7962/gra/EGU2008-A-01526. Available online at: 
http://www.cosis.net/abstracts/EGU2008/01526/EGU2008-A-01526.pdf?PHPSESSID=c0ae24c54d.
38 M. Rigby et al., “Renewed growth of atmospheric methane”, Geophysical Research Letters, 
2008, doi:10.1029/2008GL036037, in press.
39 “Atmospheric levels of key greenhouse gas stabilise, could begin to decline”, Mongabay.com, 
20 November 2006. Available online at: http://news.mongabay.com/2006/1120-methane.html.
40 UNEP, “Global Outlook for Ice and Snow”, ibid.
41 David M. Lawrence et al., ibid.
42Jonathan M. Gregory et al., “Climatology: Threatened loss of the Greenland ice-sheet”, Nature, 
vol. 426, 8 April 2004, p. 616, doi:10.1038/428616a.
43 Ibid.
44 Ibid.
45 Andrew Shepherd and Duncan Wingham, “Recent sea-level contributions of the Antarctic and 
Greenland ice sheets”, Science, Vol. 315, 2007, pp. 1529-1532.
46 Thomas L. Mote, “Greenland surface melt trends 1973–2007: Evidence of a large increase in 
2007”, Geophysical Research Letters, vol. 34, L22507, 2007, doi:10.1029/2007GL031976.
47 David Shukman, “Greenland ice-melt ‘speeding up’”, BBC Online, 28 July 2004. Available 
online at: http://news.bbc.co.uk/1/hi/world/europe/3922579.stm.
48 James Hansen, interview with Below Zero Radio, 7 March 2008. Transcript available online at: 
http://www.climateimc.org/en/breaking-news/2008/03/07/james-hansen-no-more-conventional-

coal-and-carbon-stabilisation-below-350pp.
49 IPCC Fourth Assessment Report, WGI, Summary for Policymakers, p. 13.
50 Stefan Rahmstorf et al., “Recent climate observations compared to projections”, Science, vol. 
316, no. 5825, p. 709.
51 Michael Oppenheimer et al., “Climate Change: The Limits of Consensus”, Science, Vol. 317, no. 
5844, pp. 1505-1506, 14 September 2007, doi:10.1126/science.1144831.
52 Ibid.
53 Stefan Rahmstorf et al., ibid.
54 East Antarctica: Eric Rignot et al., “Recent Antarctic ice mass loss from radar interferometry 
and regional climate modelling”, Nature Geoscience, vol. 1, 2008, pp. 106–110, doi:10.1038/
ngeo102.
55 H. D. Pritchard, “Widespread acceleration of tidewater glaciers on the Antarctic Peninsula”, 
Journal of Geophysical Research, vol. 112, 2007, F03S29, doi:10.1029/2006JF000597.
56 Ibid.
57 Mark F. Meier et al., “Glaciers Dominate Eustatic Sea-Level Rise in the 21st Century”, Science, 
vol. 317, 2007, pp. 1064-1067.
58 Ibid.
59 James E. Hansen, “Scientific reticence and sea level rise”. Environmental Research Letters, vol. 
2, no. 2, 2007, 024002, doi:10.1088/1748-9326/2/2/024002.
60 W. T. Pfeffer et al., “Kinematic Constraints on Glacier Contributions to 21st-Century Sea-Level 
Rise”, Science, vol. 321, no. 5894, pp. 1340-1343, doi:10.1126/science.1159099.
61 Nicholas Stern, The Economics of Climate Change: The Stern Review, Cambridge, Cambridge 
University Press, 2006, p.90.
62 John B. Miller, “Carbon cycle: Sources, sinks and seasons.” Nature, vol. 451, no. 7174, pp. 26-27, 
3 January 2008, doi:10.1038/451026a.
63 Corinne Le Quéré et al., “Saturation of the Southern Ocean CO2 Sink Due to Recent Climate 
Change”, Science, 17 May 2007, vol. 316. no. 5832, pp. 1735-1738, DOI: 10.1126/science.1136188.
64 Ibid.
65 “Climate change affects Southern Ocean carbon sink”, press release, British Antarctic Survey, 
17 May 2007. Available online at: http://www.antarctica.ac.uk/press/press_releases/press_release.
php?id=89.
66 John B. Miller, ibid.
67 Christopher E. Doughty and Michael L. Goulden, “Are tropical forests near a high temperature 
threshold?”, Journal of Geophysical Research, vol. 113, G00B07, doi:10.1029/2007JG000632.
68  Le Quéré et al., ibid.
69 Josep G. Canadell et al., “Contributions to Accelerating Atmospheric CO2 Growth from Eco-
nomic Activity, Carbon Intensity, and Efficiency of Natural Sinks,” Proceedings of the National 
Academy of Sciences, no. 0702737104, 25 October 2007.
70 “Contributions to accelerating atmospheric CO2 growth from economic activity, carbon inten-
sity, and efficiency of natural sinks”, press release, Global Carbon Project, 22 October 2007. Avail-
able online at: http://www.globalcarbonproject.org/global/doc/Press_GCP_Canadelletal2007.doc.
71 Takeshi Ise et al., “High sensitivity of peat decomposition to climate change through water-
table feedback”, Nature Geoscience, vol. 1, 12 October 2008, doi:10.1038/ngeo331.
72 Yadvinder Malhi et al., “Climate change, deforestation, and fate of the Amazon”, Science, vol. 
319, no. 5860, 11 January 2008, pp. 169-171.
73 Timothy M. Lenton et al., “Tipping elements in the Earth’s climate system”, Proceedings 
National Academy Sciences, vol. 105, no. 6, February 12 2008, pp. 1786-1793, doi:10.1073, 
pnas.0705414105.
74 Cynthia Rosenzweig et al., “Attributing physical and biological impacts to anthropogenic 
climate change”, Nature, vol. 453, no. 7193, 15 May 2008, pp. 353-357, doi:10.1038/nature06937.
75 “Climate change is affecting ecosystems”, environmentalresearchweb, 16 May 2008. Available 
online at: http://environmentalresearchweb.org/cws/article/research/34211.
76 Dian J. Seidel and William J. Randel, “Recent widening of the tropical belt: Evi-
dence from tropopause observations”, Journal of Geophysical Research, vol. 112, 2007, 
doi:10.1029/2007JD008861.
77 Dian J. Seidel et al., “Widening of the tropical belt in a changing climate”, Nature Geoscience, 
vol. 1, 2008, pp. 21-4, doi:10.1038/ngeo.2007.38.
78 Ibid.
79 “An interview with Stavros Dimas”, Yale Environment 360, 24 October 2008. Available online 
at: http://e360.yale.edu/content/feature.msp?id=2076.
80 Paul Baer and Michael Mastrandrea, “High stakes: designing emissions pathways to reduce the 
risk of dangerous climate change”, Institute for Public Policy Research, 8 November 2006, p. 11.
81 ‘Parts per million by volume’ is the standard measure of greenhouse gas concentrations in the 
atmosphere. ‘CO2 equivalent – CO2e’ refers to the concentration of all greenhouse gases in the 
atmosphere in terms of an equivalent concentration of CO2. For example, the IPCC calculated a 
CO2e for the main greenhouse gas concentrations currently present in our atmosphere of around 
460ppm. This means that (over a defined period) these gases at current levels would cause warm-
ing roughly equal to the effect a 460ppm concentration of CO2 alone would cause. See: http://
www.darkoptimism.org/2008/09/03/the-climate-science-translation-guide/ for a useful introduc-
tion to terminology.
82 IPCC, Climate Change 2007: Synthesis Report, IPCC, Geneva, Switzerland, 2007.
83 Information note 7242/05, Council of the European Union, 11th March 2005. Available online at: 
http://register.consilium.europa.eu/pdf/en/05/st07/st07242.en05.pdf.
84 George Monbiot, “This crisis demands a reappraisal of who we are and what progress means”, 
Guardian, 4 December 2007. Available online at: http://www.guardian.co.uk/commentisfree/2007/
dec/04/comment.politics.
85 IPCC, Climate Change 2007: Synthesis Report, ibid., p. 67, Table 5.1, Footnote a).
86 IPCC, Climate Change 2007: Synthesis Report, ibid., p. 67.
87 Malte Meinshausen, “What does a 2°C target mean for greenhouse gas concentrations? A brief 
analysis based on multi-gas emission pathways and several climate sensitivity uncertainty esti-
mates” in H. J. Schellnhuber, W. Cramer et al. (eds) Avoiding Dangerous Climate Change, Cam-
bridge, Cambridge University Press, 2006, pp. 265-80.
88 Andrew J. Weaver et al., “Long term climate implications of 2050 emission reduction targets”, 
Geophysical Research Letters, vol. 34, L19703, 2007, doi:10.1029/2007GL031018.
89 H. Damon Matthews and Ken Caldeira, “Stabilizing climate requires near-zero emissions”, 
Geophysical Research Letters, vol. 35, L04705, 2008, doi:10.1029/2007GL032388.
90 Cornelia Dean, “Even Before Its Release, World Climate Report Is Criticized as Too Optimis-
tic”, New York Times, 2 February 2007. Available online at: http://www.nytimes.com/2007/02/02/
science/02oceans.html.
91 Elizabeth Kolbert, “Past the boiling point”, LA Times, 11 June 2006. Available online at: http://
articles.latimes.com/2006/jun/11/opinion/op-kolbert11.
92 IPCC Fourth Assessment Report, WG III, 2007, Chapter 3, p. 228, fig. 3.38, n. 1.
93 IPCC Fourth Assessment Report, WG III, 2007, Chapter 3, p. 173.
94 IPCC Fourth Assessment Report, WGIII, 2007, Chapter 3, p. 173.
95 Ken Caldeira et al., “Climate Sensitivity Uncertainty and the Need for Energy Without CO2 Emission”, Science, 28 March 2003, vol. 299, no. 5615, pp. 2052-2054, DOI: 10.1126/science.1078938.
96 Barrie A. Pittock, “Are scientists underestimating climate change?” Eos, vol. 87, issue 34, Au-
gust 2008, p. 340. Pittock explains this point by stating “Recent estimates of the climate sensitivity, 
based on modelling, in some cases constrained by recent or paleoclimatic data, suggest a higher 
range, around 2º–6°C ... These estimates throw doubt on the low end of the IPCC [2001] range 
and suggest a much higher probability of warmings by 2100 exceeding the midlevel estimate of 
3.0ºC.”. The point he is making is that there is a “much higher probability” the temperature rise 
we might expect at the end of the century will be greater than that which would occur were the 
correct value for climate sensitivity 3 degrees. Thus there is “much higher probability” that cli-
mate sensitivity “[exceeds] the midlevel estimate of 3.0°C.” His point is not specifically that tem-
perature rise itself will be greater than 3 degrees, although in a situation of higher than 3 degree 
climate sensitivity, this would likely also be the case.
97 James E. Hansen et al, “Target Atmospheric CO2: Where Should Humanity Aim?”, Open Atmo-



47

spheric Science Journal, vol. 2, 2008, pp. 217-31, DOI: 10.2174/1874282300802010217.
98 James Hansen and Makiko Sato, “Global Warming: East - West Connections”, research paper 
available at: http://www.columbia.edu/~jeh1/2007/EastWest_20070925.pdf.
99 Ibid.
100 James E. Hansen et al., “Target Atmospheric CO2”, ibid.
101 Mason Inman, “Global Warming “Tipping Points” Reached, Scientist Says”, National Geo-
graphic News, 14 December 2007. Available online at: http://news.nationalgeographic.com/
news/2007/12/071214-tipping-points.html.
102 James E Hansen et al., “Target Atmospheric CO2”, ibid.
103 David Adam, “Roll back time to safeguard climate, expert warns”, Guardian, 15 September 
2008. Available online at: http://www.guardian.co.uk/environment/2008/sep/15/climatechange.
carbonemissions.
104 V. Ramanathan and Y. Feng, “On avoiding dangerous anthropogenic interference with the 
climate system: Formidable challenges ahead”, Proceedings of the National Academy of Sciences, 
vol. 105, 23 September 2008, pp. 14245-14250.
105 IPCC, Working Group I Report, 2007, Summary for Policymakers.
106 James E. Hansen et al., “A Pinatubo climate modeling investigation”, in G. Fiocco, D. Fua, and 
G. Visconti (eds), The Mount Pinatubo Eruption: Effects on the Atmosphere and Climate, NATO 
ASI Series, vol. I 42, pp. 233-272.
107 Barbara Freese, Coal: A human history, New York, Penguin, 2003.
108 “Faster Climate Change Predicted as Air Quality Improves”, press release, Max Planck In-
stitute for Chemistry, 30 June 2005. Available online at: http://www.mpch-mainz.mpg.de/mpg/
english/pri0805.htm.
109 Josep G. Canadell et al., ibid.
110 IPCC, Working Group III Report, 2007, Chapter 3, pp.192.
111 V. Ramanathan, and G. Carmichael, “Global and regional climate changes due to black car-
bon”, Nature Geoscience, vol. 1, 2008, pp. 221-7, doi:10.1038/ngeo156.
112 See, for instance, interview with Daniel Murphy of the NOAA Earth System Research Labo-
ratory, available online at: http://www.earthsky.org/radioshows/52560/scientists-seek-link-to-
climate-change-in-arctic-haze.
113 Nick Hurd MP and Clare Kerr, “Don’t give up on 2°C”, Quality of Life Commission, April 
2007. Available online at: http://www.qualityoflifechallenge.com/documents/TwoDegreesAp-
ril2007.pdf.
114 Presentation to the Royal Society, Frameworks Conference, April 2008.
115 Stefan Rahmstorf, “Abrupt climate change”, in Munich Re, Weather catastrophes and climate 
change, Munich, Munchener Ruckversicherungs-Gesellschaft, 2004, pp. 71-75.
116 Baer and Mastrandrea, ibid., p. 11.
117 Simon Retallack, Foreword to P. Baer and M. Mastrandrea, ibid., pp. 4-5.
118 Nicholas Stern, ibid.
119 “Climate change research by ILRI informs Stern Review on the Economics of Climate 
Change”, press release, ILRI, 8 November 2006. Available online at: http://www.ilri.org/ILRIPub-
Aware/ShowDetail.asp?CategoryID=TS&ProductReferenceNo=TS_061108_002.
120 Frank H. Knight, “Risk, Uncertainty and Profit”, Boston and New York, Houghton Mifflin, 
1921.
121 Dag Hammarskjöld Foundation, “Carbon Trading: A Critical Conversation on Climate 
Change, Privatisation and Power”, Development Dialogue, September 2006, No.48, pp.14.
122 James E. Hansen, “Target Atmospheric CO2”, ibid.
123 Ibid.
124 Malte Meinshausen, ibid.
125 Kevin Anderson and Alice Bows, “Reframing the climate change challenge in light of post-
2000 emissions trends”, Philosophical Transactions of the Royal Society, vol. 366, no. 1882, 13 
November 2008, pp. 3863-82, doi:10.1098/rsta.2008.0138.
126 Ibid.
127 Nicholas Stern, ibid., p. 231.
128 Kevin Anderson et al., “From long-term targets to cumulative emissions pathways: Reframing 
UK climate policy”, Energy Policy, vol. 36, issue 10, 2008, pp. 3714-3722.
129 IPCC, Working Group III Report, 2007, Technical Summary, p. 17, figure SPM8.
130 Ibid. p,18
131. Winston Churchill, Robert Rhodes James (ed.), Winston S. Churchill: His Complete Speeches, 
1897-1963 New York and London, Chelsea House Publishers, 1974, p. 2409.
132. “Al Gore: A Generational Challenge to Repower America”, wecansolveit.org, 2008. Available 
online at: http://www.wecansolveit.org/pages/al_gore_a_generational_challenge_to_repower_
america/.
133. Sarah Arnott, “Winds of change: A beacon of optimism”, Independent, 22 october 2008. Avail-
able online at: http://www.independent.co.uk/news/business/analysis-and-features/winds-of-
change-a-beacon-of-optimism-968693.html.
134. Kevin Anderson et al., “From long-term targets to cumulative emissions pathways: Refram-
ing UK climate policy”, Energy Policy, vol. 36, issue 10, 2008, pp. 3714 – 3722.
135. Dave Lord, “Electricity tariffs in France”, thisfrenchlife.com, 4 November 2004. Available 
online at: www.thisfrenchlife.com/thisfrenchlife/2004/11/electricity_tar.html.
136. “The Carbon Trust’s Advanced Metering field trial update”, Carbon Trust, November 
2005. Available online at: https://author.carbontrust.co.uk/Publications/publicationdetail.
htm?productid=CTC515.
137. Energy Saving Trust, “Warm Zones External Evaluation: First Annual Report”, report for 
Defra and the DTI prepared with the Centre for Sustainable Energy and National Energy Action, 
April 2003, p73. Available online at: http://www.cse.org.uk/pdf/pub1028.pdf.
138. Jad Mouawad and Simon Romero, “Unmentioned Energy Fix: A 55 M.P.H. Speed Limit”, 
New York Times, 1 May 2005. Available online at: http://www.nytimes.com/2005/05/01/
business/01oil.html.
139. See: www.tceq.state.tx.us.
140. Everett Shorey and Tom Eckman “Appliances and Global Climate Change: Increasing Con-
sumer Participation in Reducing Greenhouse Gases”, report prepared by the Pew Centre on 
Global Climate Change, October 2000, p. 10., Available online at: http://www.pewclimate.org/
docUploads/appliances.pdf.
141. Matt Prescott, “Position from Ban The Bulb on the EC Working Document on possible ecode-
sign requirements for general lighting equipment”, 9 November 2008. Available online at: http://
ban-the-bulb.blogspot.com/.
142. “MP calls for domestic flight ban”, BBC News Online, 12 January 2007, Available online at: 
http://news.bbc.co.uk/1/hi/uk/6256781.stm.
143. IPCC Fourth Assessment Report, WG I, Chapter 7, p.512.
144. D. S. Schimel et al., “Recent patterns and mechanisms of carbon exchange by terrestrial eco-
systems”, Nature, vol. 414, 8 November 2001, pp. 169-172, doi:10.1038/35102500.
145. IPCC, Climate Change 2007: Synthesis Report, IPCC, Geneva, Switzerland, 2007, p. 56.
146. IPCC, ibid. 
147. IPCC, ibid.
148. Nicholas Stern, The Economics of Climate Change: The Stern Review, Cambridge, Cambridge 
University Press, 2006, p. xxi.
149. Oxfam International, “Adapting to climate change: What’s needed in poor countries, and who 
should pay”, Oxfam Briefing Paper, p. 3. Available online at: http://www.oxfam.org/files/adapt-
ing%20to%20climate%20change.pdf.
150. Ibid. p.32
151. Ian Kearns and Ken Gude, “The New Front Line: Security in a changing world”, Institute for 
Public Policy Research, p.6. Available online at: http://www.ippr.org.uk/publicationsandreports/
publication.asp?id=588.
152. Ibid., p.6

153. Ibid., p.7
154. BERR, “UK Renewable Energy Strategy Consultation”, Department for Business, Enterprise 
and Regulatory Reform, June 2008, p. 9. Available online at: http://www.berr.gov.uk/files/file46799.
pdf.
155. Joseph Romm, “Why we never need to build another polluting power plant”, Salon.com, 28 
July 2008. Available online at: http://www.salon.com/news/feature/2008/07/28/energy_efficiency/.
156 - Per-Anders Ekvist et al., “A cost curve for greenhouse gas reduction”, McKinsey Quarter-
ly, February 2007, pp. 35 – 45. Available online at: http://www.epa.gov/air/caaac/coaltech/2007_05_
mckinsey.pdf.
157. Tim Helweg-Larsen et al., “Zero Carbon Britain: An Alternative Energy Strategy”, Centre for 
Alternative Technology. Available online at: http://www.zerocarbonbritain.com.
158. Matt Prescott, Private correspondence, 2008.
159. Matt Prescott, “Position from Ban The Bulb on the EC Working Document”, ibid.
160. Tim Helweg-Larsen et al., ibid.
161. Thomas B. Johansson, Solar Sweden: An Outline to a Renewable Energy System, Stockholm, 
Secretariat for Future Studies, 1977.
162. Le Groupe de Bellevue, “A study of a long-term energy future for France based on 100% 
renewable energies”, ALTER, 1978. Reprinted in The Yearbook of Renewable Energies 1995, Lon-
don: James and James 1995.
163. H. W. Kendall and S. J. Nadis, Energy Strategies: Towards a Solar Future, Cambridge MA, 
Ballinger, 1980.
164. Martin Kruska et al., “Energy Rich Japan”, Institute for Sustainable Solutions and Innova-
tions, report commissioned by Greenpeace International and Greenpeace Japan, October 2003. 
Available online at: http://www.energyrichjapan.info/pdf/ERJ_fullreport.pdf.
165. N. Nakicenovic and S. Messner, “Solar Energy Futures in a Western European Context”, 
working paper, International Institute for Applied Systems Analysis, Laxenburg, Austria, 1982.
166. Gordon Brown, “Speech on creating a low carbon economy”, speech at the Low Carbon 
Economy Summit, 26 June 2008. Available online at: http://www.number10.gov.uk/Page16141.
167. Matti Huuhtanen, “3-year delay expected at Finnish nuclear plant”, Business Week, 17 Octo-
ber 2008. Available online at: http://www.businessweek.com/ap/financialnews/D93S8AVG0.htm.
168. Sustainable Development Commission, “The role of nuclear power in a low carbon econ-
omy”, Sustainable Development Commission position paper, March 2006. Available online at: 
http://www.sd-commission.org.uk/publications/downloads/SDC-NuclearPosition-2006.pdf.
169. “Competition for a Carbon Dioxide Capture and Storage Demonstration Project”, project 
information memorandum”, Department for Business, Enterprise and Regulatory Reform, 19 
November 2007. Available online at: http://www.berr.gov.uk/files/file42478.pdf.
170. James Katzer et al., “The Future of Coal – Options for a carbon constrained world”, MIT 
report. Available online at: http://web.mit.edu/coal/The_Future_of_Coal.pdf.
171. Joseph Romm, “Is coal with carbon capture and storage a core climate solution?”, Climate 
Progress, 29 September 2008. Available online at: http://climateprogress.org/2008/09/29/is-coal-
with-carbon-capture-and-storage-a-core-climate-solution/.
172. “Carbon Capture and Storage: how much leakage is acceptable?”, news alert, European 
Commission Directorate-General for the Environment, 2 May 2008. Available online at: http://
ec.europa.eu/environment/integration/research/newsalert/pdf/105na3.pdf.
173. Commission of the European Parties, “Proposal for a Directive of the European Parliament 
and of the Council on the promotion of the use of energy from renewable sources”, Brussels, 23 
January 2008. Available online at: http://ec.europa.eu/energy/climate_actions/doc/2008_res_direc-
tive_en.pdf.
174. Carbon Trust, “Offshore wind power: big challenge, big opportunity”, Carbon Trust report, 
October 2008. Available online at: http://www.carbontrust.co.uk/publications/publicationdetail?p
roductid=CTC743.
175. Ibid.
176. Ibid, p. 93
177. Gregor Czisch, “Low Cost but Totally Renewable Electricity Supply for a Huge Supply Area 
– a European/Trans-European Example”, paper available online at: http://www.iset.uni-kassel.de/
abt/w3-w/projekte/LowCostEuropElSup_revised_for_AKE_2006.pdf.
178. Mark Barrett, “A Renewable Electricity System for the UK”, Response to the 2006 Energy Re-
view, Complex Built Environment Systems Group, Bartlett School of Graduate Studies, University 
College London, April 2006. Available online at: http://www.cbes.ucl.ac.uk/projects/energyreview/
Bartlett%20Response%20to%20Energy%20Review%20-%20electricity.pdf.
179. David Adam, “Britain set to miss EU renewable energy target”, Guardian, 19 June 2008. 
Available online at: http://www.guardian.co.uk/environment/2008/jun/19/renewableenergy.alter-
nativeenergy.
180. Ahley Seager and Mark Milner, “Revealed: cover-up plan on energy target”, Guardian, 13 
August 2007. Available online at: http://www.guardian.co.uk/environment/2007/aug/13/renew-
ableenergy.energy.
181. Sarah Arnott, “Winds of change: A beacon of optimism”, Independent, 22 october 2008. Avail-
able online at: http://www.independent.co.uk/news/business/analysis-and-features/winds-of-
change-a-beacon-of-optimism-968693.html.
182. Mhairi Aitken and Stewart Smith, “Public Opinion on Electricity Options”, Postnote, no. 294, 
Parliamentary Office of Science and Technology, October 2007. Available online at: http://www.
parliament.uk/documents/upload/postpn294.pdf.
183. BERR, “UK Renewable Energy Strategy Consultation”, ibid.
184. Centre for Sustainable Energy and Garrad Hassan, “Community Benefits from Wind Power: 
A study fo UK practice and comparison with leading European countries”, Report to the Renew-
ables Advisory Board and the DTI, URN number 05/1322. Available online at: http://www.berr.
gov.uk/files/file20497.pdf.
185. Ibid.
186. House of Commons Innovation, Universities, Science and Skills Committee, “Renewable elec-
tricity – generation technologies: Fifth Report of Session 2007–08”, London, The Stationery Office, 
11 June 2008, HC216-I. Available online at: http://www.parliament.the-stationery-office.com/pa/
cm200708/cmselect/cmdius/216/216.pdf.
187. Carbon Trust, “Offshore wind power”, ibid.
188. House of Commons Innovation, Universities, Science and Skills Committee, “Renewable elec-
tricity – generation technologies: Fifth Report of Session 2007–08”, London, The Stationery Office, 
11 June 2008, HC216-I. Available online at: http://www.parliament.the-stationery-office.com/pa/
cm200708/cmselect/cmdius/216/216.pdf.
189. Matthew Lockwood, “After the Coal Rush: Assessing policy options for coal-fired electricity 
generation”, Institute for Public Policy Research, 2 July 2008. Available online at: http://www.ippr.
org.uk/publicationsandreports/publication.asp?id=617.
190. See: “Ecogrid.dk”, http://www.energinet.dk/en/menu/R+and+D/EcoGrid/EcoGrid.dk.htm.
191. Ibid.
192. “Supply chain woes still hinder wind power supply”, ENDS Report, issue 403, August 2008, 
p. 13.
193. Terry Macalister, “Blow to Brown as BP scraps British renewables plan to focus on US”, 
Guardian, 7 November 2008. Available online at: http://www.guardian.co.uk/business/2008/
nov/07/bp-renewable-energy-oil-wind.
194. “Supply chain constraints on renewables deployment”, presentation for the Department of 
Business Enterprise and Regulatory Reform, 18 July 2008. Available online at: http://www.berr.
gov.uk/files/file47424.pdf.
195. “Supply chain woes still hinder wind power supply”, ibid.
196. Douglas-Westwood Limited, “Supply Chain Constraints on the Deployment of
Renewable Electricity Technologies”, report for the Department for Business, Enterprise and 
Regulatory Reform, URN 08/1015. Available online at: http://www.berr.gov.uk/files/file46792.pdf.
197. “UK energy bill rises ‘double’ EU”, BBC News Online, 5 November 2008. Available online at: 
http://news.bbc.co.uk/1/hi/uk/7709935.stm.
198. Carbon Trust, “Offshore wind power: big challenge, big opportunity”, Carbon Trust report, 
October 2008. Available online at: http://www.carbontrust.co.uk/publications/publicationdetail?pr
oductid=CTC743, p. 88.



48

199. Javier Blas and Carola Hoyos, “IEA predicts oil price to rebound to $100”, Financial Times, 
5 November 2008. Available online at: http://www.ft.com/cms/s/0/ca2b5254-ab6a-11dd-b9e1-
000077b07658.html.
200. Ibid.
201. Ibid
202. Carbon Trust, “Offshore wind power”, ibid.
203. House of Commons Innovation, Universities, Science and Skills Committee, “Renewable elec-
tricity – generation technologies: Fifth Report of Session 2007–08”, London, The Stationery Office, 
11 June 2008, HC216-I. Available online at: http://www.parliament.the-stationery-office.com/pa/
cm200708/cmselect/cmdius/216/216.pdf.
204. International Energy Agency, “Energy Technology Perspectives 2008: Scenarios and Strategies 
to 2050”, OECD, 2008.
205. Gregor Czisch, ibid.
206. APX Power Spot Results, www.apxgroup.com, 7th November 2008.
207. BERR, Digest of United Kingdom Energy Statistics, London, The Stationery Office, 2008, p.63. 
Available online at: http://stats.berr.gov.uk/energystats/dukes08.pdf.
208. Ibid., p. 337.
209. UK Industry Taskforce on Peak Oil & Energy Security, “The Oil Crunch: Securing the UK’s 
energy future”, Annex. 1, p.32. Available online at: http://peakoil.solarcentury.com/wp-content/
uploads/2008/10/oil-report-final.pdf.
210. Department for Transport, Transport Statistics Great Britain: 2007 Edition, London, The 
Stationery Office, November 2007.
211. “Homes ‘can cut CO2 by up to 80%’”, BBC News Online, 27 November 2007. Available online 
at: http://news.bbc.co.uk/1/hi/sci/tech/7113165.stm.
212. “New Tricks with Old Bricks: How reusing old buildings can cut carbon emissions”, Empty 
Homes Agency report, 2008. Available online at: http://www.emptyhomes.com/documents/publi-
cations/reports/New%20Tricks%20With%20Old%20Bricks%20-%20final%2012-03-081.pdf.
213. BERR, “UK Renewable Energy Strategy Consultation”, ibid, p. 50, para. 2.3.6. Available online 
at: http://www.berr.gov.uk/files/file46799.pdf.
214. Brenda Boardman, “Home Truths: A Low-Carbon Strategy to Reduce UK Housing Emissions 
By 80% By 2050”, research report for The Co-operative Bank and Friends of the Earth, Executive 
Summary. Available online at: http://www.eci.ox.ac.uk/research/energy/downloads/boardman07-
hometruths-execsum.pdf.
215. Department for Business Enterprise and Regulatory Reform, Construction Statistics An-
nual 2007, London, The Stationery Office, 2007. Available online at: http://www.berr.gov.uk/files/
file42061.pdf.
216. “Farming - Agriculture and climate change”, defra.gov.uk. Available online at: http://www.
defra.gov.uk/farm/environment/climate-change/index.htm.
217. Kevin Anderson and Alice Bows, “Reframing the climate change challenge in light of post-
2000 emissions trends”, Philosophical Transactions of the Royal Society, vol. 366, no. 1882, 13 
November 2008, pp. 3863-82, doi:10.1098/rsta.2008.0138.
218. Gavin Killip, “Building for a Greener Britain: Transforming the UK’s Existing Housing Stock”, 
report for the Federation of Master Builders, Environmental Change Institute,  2008. Available 
online at: http://www.fmb.org.uk/EasysiteWeb/getresource.axd?AssetID=2358&type=full&service
type=attachment.
219. UK Industry Taskforce on Peak Oil & Energy Security, ibid., p. 6, 42.
220. IPCC, Climate Change 2007: Synthesis Report, p.56. Available online at: http://www.ipcc.ch/
pdf/assessment-report/ar4/syr/ar4_syr.pdf.
221. “Twelve Recommendations for the Future”, deltacommissie.com. Available online at: http://
www.deltacommissie.com/doc/twelve_recommendations.pdf.
222. Roelof Kleis, “Delta Committee ‘Does Not Exaggerate’”, Resource, 2 October 2008. Available 
online at: http://www.resource-online.nl/weekly.php?id=2450.
223. James E. Hansen et al, “Target Atmospheric CO2: Where Should Humanity Aim?”, Open 
Atmospheric Science Journal, vol. 2, 2008, pp. 217-31, doi:10.2174/1874282300802010217.
224. IPCC Fourth Assessment Report, WG III, Chapter 9, p. 578, 567, 544; Synthesis Report, p. 36.
225. Ibid.
226. Ibid.
227. IPCC Fourth Assessment Report, WG III, Chapter 9, p. 544, 552, 543, 546.
228. Oliver Tickell, Kyoto 2: How to Manage the Global Greenhouse, Zed Books 2008, pp. 191-3.
229. Richard Black, “Nature loss ‘dwarfs bank crisis’”, BBC Online, 10th October 2008. Available 
online at: http://news.bbc.co.uk/1/hi/sci/tech/7662565.stm.
230. James E. Hansen et al, “Target Atmospheric CO2”, ibid.
231. David A. Wardle et al., “Fire-Derived Charcoal Causes Loss of Forest Humus”, Science, vol. 
320, no. 5876, 2 May 2008, p. 629, doi:10.1126/science.1154960.
232. IPCC Fourth Assessment Report, WG III, Chapter 9, “Forestry”, p. 543.
233. Christian Azar et al., “Carbon Capture and Storage From Fossil Fuels and Biomass – Costs 
and Potential Role in Stabilizing the Atmosphere”, Climatic Change, vol. 74, no. 1-3, January 2006, 
pp. 47-79.
234. Joshuah K. Stolaroff et al., “Carbon Dioxide Capture from Atmospheric Air Using Sodium 
Hydroxide Spray”, Environmental Science and Technology, vol. 42, no. 8, 2008, pp. 2728–2735.
235. David Keith et al., “Climate Strategy with CO2 capture from the air”, Climatic Change, Vol. 
74, No. 1-3, January 2006, pp. 17-45.
236. Joshuah K. Stolaroff, “Capturing CO2 from ambient air: a feasibility assessment”, thesis, 2006. 
Available online at: http://www.ucalgary.ca/~keith/Thesis/Stolaroff_2006_Thesis.pdf.
237. Javier Blas and Carola Hoyos, “IEA predicts oil price to rebound to $100”, Financial Times, 
5 November 2008. Available online at: http://www.ft.com/cms/s/0/ca2b5254-ab6a-11dd-b9e1-
000077b07658.html.
238. James E. Hansen et al, “Target Atmospheric CO2”, ibid.
239. Skyonic, using a sodium hydroxide process in Texas. See: http://www.skyonic.com.
240. David Keith and his team at the University of Calgary using sodium and calcium hydroxides. 
See: http://www.ucalgary.ca/~keith/.
241. GRT Technologies, using ion exchangers. See: David Adam, “Could US Scientist’s ‘CO2 catcher’ help to slow warming?”, Guardian, 31 May 2008. Available online at: http://www.guard-
ian.co.uk/environment/2008/may/31/carbonemissions.climatechange.
242. Alex Steffen, “Why Geo-Engineering is a Debate Whose Time Has Gone”, World Changing, 
21 December 2007. Available online at: http://www.worldchanging.com/archives/007704.html.
243. The Economist, “A changing climate of opinion”, Economist, 4 September 2008. Available 
online at: http://www.economist.com/science/displaystory.cfm?story_id=12052171.
244. Ken Caldeira, “Geoengineering Earth’s Climate”, Google Tech Talk, January 7 2008. Available 
online at: http://uk.youtube.com/watch?v=vzMVfJKJK_c.
245. IPCC Fourth Assessment Report, WG III, Summary for Policymakers.
246. Doug Parr, “Geo-engineering is no solution to climate change”, Guardian, 1 September 2008. 
Available online at: http://www.guardian.co.uk/environment/2008/sep/01/climatechange.scien-
ceofclimatechange1.
247. Raymond T. Pierrehumbert, “Gee-Whiz Geoengineering”, RealClimate, 25 October 2007. 
Available online at: http://www.realclimate.org/index.php/archives/2007/10/gee-whiz-geoengi-
neering/.
248. David W. Keith, “Geoengineering the climate: History and Prospect”, Annual Review of 
Energy and the Environment, Vol. 25, 2000, pp. 245-284, doi:10.1146/annurev.energy.25.1.245.
249. Paul Crutzen, “Albedo enhancement by stratospheric sulfur injections: a contribution to 
resolve a policy dilemma?” Journal of Climatic Change, vol. 77, no. 3-4, August 2006.
250. Roger Angel and S. Pete Worden, “Making Sun-Shades from Moon Dust”, National Space 
Society, Ad Astra, vol. 18, no. 1, Summer 2006. Available online at: http://www.nss.org/adastra/
volume18/angel.html.
251. See, for instance: Planktos, http://www.planktos-science.com/.
252. James E. Lovelock and Chris G. Rapley, “Ocean pipes could help the earth to cure itself”, 

Nature vol. 449, no. 7161, 27 September 2007, p. 403, doi:10.1038/449403a.
253. Keith Bower et al., “Assessment of a Proposed Technique for Global Warming Mitigation via 
Albedo-Enhancement of Marine Stratocumulus Clouds”, Atmospheric Research, vol. 82, no. 1-2, 
pp. 328-336.
254. Alvia Gaskill, “Desert Area Coverage”, Global Albedo Enhancement Project. Available online 
at: http://www.global-warming-geo-engineering.org/Albedo-Enhancement/Surface-Albedo-
Enhancement/Calculation-of-Coverage-Areas-to-Achieve-Desired-Level-of-ForcingOffsets/Desert-
Area-Coverage/ag28.html.
255. Ken Caldeira, “Geoengineering Earth’s Climate”, ibid.
256. Simone Tilmes et al., “The Sensitivity of Polar Ozone Depletion to Proposed Geoengineering 
Schemes”, Science, vol. 320, no. 5880, 30 May 2008, pp. 1201-1204, doi:10.1126/science.1153966.
257. I. M. Held et al., “Simulation of Sahel drought in the 20th and 21st  centuries”, Proceedings of 
the National Academy of Sciences, vol. 102, no. 50, pp. 17891–17896, doi:10.1073/pnas.0509057102. 
Available online at: http://climate.envsci.rutgers.edu/pdf/2008JD010050small.pdf.
258. Alan Robock et al., “Regional climate responses to geoengineering with tropi-
cal and Arctic SO2 injections”, Journal of Geophysical Research, vol. 113, D16101, 2008, 
doi:10.1029/2008JD010050.
259. Edouard Bard, “La tentation de refroidir la planète”, Le Monde, 30 September 2006. Available 
online at: http://geosci.uchicago.edu/~rtp1/BardPapers/LeMonde1-2_10_06Bard.pdf.
260. Cynthia Rosenzweig et al., “Attributing physical and biological impacts to anthropogenic 
climate change”, Nature, vol. 453, 15 May 2008, pp. 353-357, doi:10.1038/nature06937.
261. M. J. Lutz et al., “Seasonal rhythms of net primary production and particulate organic carbon 
flux to depth describe the efficiency of biological pump in the global ocean”, Journal of Geophysi-
cal Research, vol. 112, C10011, doi:10.1029/2006JC003706.
262. Jeff Tollefson, “UN decision puts brakes on ocean fertilization”, Nature News, vol. 453, no. 
704, 2008, doi:10.1038/453704b. Available online at: http://www.nature.com/news/2008/080604/
full/453704b.html.
263. Kristina Gjerde, “Hold back the geo-engineering tide”, BBC Online, 11 December 2007. Avail-
able online at: http://news.bbc.co.uk/1/hi/sci/tech/7133619.stm.
264. Keith Bower et al., 2006 Computational assessment of a proposed technique for global warm-
ing mitigation via albedo-enhancement of marine stratocumulus clouds. Atmos. Res., vol. 82, no. 
1-2, 2006, pp. 328-336.
265. Hashem Akbari et al., “Global Cooling: Increasing World-wide Urban Albedos to Offset 
CO2”, draft paper. Available online at: http://www.energy.ca.gov/2008publications/CEC-999-2008-
020/CEC-999-2008-020.PDF.
266. David Adam, “Extreme and risky action the only way to tackle global warming, say sci-
entists”, Guardian, 1 September 2008. Available online at: http://www.guardian.co.uk/environ-
ment/2008/sep/01/climatechange.scienceofclimatechange2.
267. Alex Steffen, ibid.
268. See: http://change.gov/agenda/energy_and_environment_agenda/.
269. “UK renewable energy industry can meet EU 2020 target with effective Government sup-
port”, British Wind Energy Association, 13 August 2007. Available online at: http://www.bwea.
com/media/news/070813.html. “Marine Energy Market: Huge Potential for UK”, Euroinvestor.
co.uk, 10 November 2008. Available online at: http://www.euroinvestor.co.uk/News/ShowNewsS-
tory.aspx?StoryID=10031227.
270. Adair Turner, “Interim advice by the Committee on Climate Change”, 7 October 2008. 
Available online at: http://www.theccc.org.uk/downloads/Interim%20report%20letter%20to%20
DECC%20SofS.pdf.
271 - House of Commons Environment Audit Committee, “Emissions Trading: Government Re-
sponse to the Committee’s Second Report of Session 2006–07 on the EU ETS, House of Commons”, 
London, The Stationery Office, 16th October 2007. Available online at: http://www.publications.
parliament.uk/pa/cm200607/cmselect/cmenvaud/1072/1072.pdf.
272 - House of Commons Environmental Audit Committee, “Second Report”, London, The Sta-
tionery Office, 20 February 2007. Available online at: http://www.parliament.the-stationery-office.
co.uk/pa/cm200607/cmselect/cmenvaud/70/7002.htm.
273 - Alyssa Gilbert et al., “Analysis of NAPs for the EU ETS”, Ecofys, August 2004. Available 
online at: http://www.ecofys.co.uk/uk/publications/documents/Interim_Report_NAP_Evalua-
tion_180804.pdf.
274. Oliver Tickell, Kyoto 2, London, Zed Books, 2008, p.4.
275. House of Commons Environmental Audit Committee, “The EU Emissions Trading Scheme: 
Lessons for the Future”, London, The Stationery Office, 20 February 2007, p.25. Available online 
at: http://www.parliament.the-stationery-office.co.uk/pa/cm200607/cmselect/cmenvaud/70/70.
pdf. Currently ETS reductions in the UK are not set to an absolute baseline, rather to a variable 
‘business-as-usual’ projection. Therefore, in June 2006 when the Government announced expected 
carbon reductions of 8 million tonnes from the ETS Phase II, they failed to mention that this figure 
does not represent a net or absolute reduction, but is merely a reduction from a business-as-usual 
projection.
276. Ibid., pp. 28-9, para. 32, 36.
277. Larry Lohmann et al., Carbon Trading: A Critical Conversation on Climate Change, Privatisa-
tion and Power, Development Dialogue, No. 48, Dag Hammarskjöld Foundation, September 2006.
280. “The Mechanisms under the Kyoto Protocol: Emissions Trading, the Clean Development 
Mechanism and Joint Implementation”, UNFCCC. Available online at: http://unfccc.int/kyoto_pro-
tocol/mechanisms/items/1673.php.
281. “Compliance under the Kyoto Protocol”, UNFCCC. Available online at: http://unfccc.int/
kyoto_protocol/compliance/items/2875.php
282. “National greenhouse gas inventory data for the period 1990–2005”, Note by the Secretariat, 
UNFCCC, 24 October 2007. Available online at: http://unfccc.int/resource/docs/2007/sbi/eng/30.
pdf.
283. Ibid., p.18. Available online at: http://unfccc.int/resource/docs/2007/sbi/eng/30.pdf.
284. Michael R. Raupach et al, “Global and Regional Drivers of Accelerating Co2 Emissions,” 
Proceedings of the National Academy of Sciences, vol. 104, issue 24, June 2007, pp. 10288-10293, 
doi:10.1073/pnas.0700609104.
285. “Prime Minister’s Speech on sustainable development”, number10.gov.uk, 24 February 2003. 
Available online at www.number10.gov.uk/output/Page3073.asp.
286. See, for instance, Justin McCurry and Nicholas Watt, “Blair defends record on tackling cli-
mate change”, Guardian, 28 June 2008. Available at: http://www.guardian.co.uk/politics/2008/
jun/28/tonyblair.climatechange.
287. Stanley Cohen, States of Denial: Knowing About Atrocities and Suffering, Polity Press 2001; 
George Marshall, “The Psychology of Denial: Why do we find it so hard to act against climate 
change?” Presentation, 17 October 2006.
288.  Matthew Lockwood, Miranda Lewis, Ruth Sheldon and Naomi Newman, “Engagement 
and Political Space for Policies on Climate Change”. Report for the Sustainable Development 
Commission by the Institute for Public Policy Research, January 2008; Maxwell T. Boykoff and J. 
Timmons Roberts, “Media Coverage of Climate Change: Current Trends, Strengths, Weaknesses”, 
background paper for the Human Development Report 2007/8, United Nations Development 
Programme.
289. George Monbiot, “The Denial Industry” in Heat: How To Stop The Planet Burning, London, 
Penguin, 2006, pp. 20-42; Justin Lewis, Andrew Williams, Bob Franklin, James Thomas and Nick 
Mosdell, “The Quality and Independence of British Journalism: Tracking the changes over 20 
years”, report for the Cardiff School of Journalism, Media and Cultural Studies.
290. Anabela Carvalho, “Ideological cultures and media discourses on scientific knowledge: re-
reading news on climate change” Public Understanding of Science, Vol. 16, No. 2 (2007), pp. 223-
243; Maxwell T Boykoff and Maria Mansfield, “‘Ye Olde Hot Aire’: Reporting on human contribu-
tions to climate change in the UK tabloid press”, Environmental Research Letters 3, 2008.
291. Boykoff and Roberts, ibid.
292. Tim Lowe, “‘Dangerous claims’: Is the way we perceive climate change leading to a precau-
tionary approach or an irrational response?”, Tyndall Briefing Note no. 16, November 2005.
293. See, for instance, Lockwood et al., ibid; James Humphreys, “Climate Change and the Political 
Process: Consequences for Government Action in Britain”, in David Cromwell and Mark Levene, 
Surviving Climate Change: The Struggle to Avert Global Catastrophe, Pluto Press 2007, pp. 102-
119; Oxfam GB, “The Forecast for Tomorrow: The UK’s Climate for Change”, report, October 2008.



About PIRC
The Public Interest Research Centre - www.pirc.info - is an independent charity integrating key 
research on climate change, energy & economics - widening its audience and increasing its impact. Our 
recent work includes collaborating with the Centre for Alternative Technology on their Zero Carbon 
Britain report and producing coalintheuk.org – an interactive map of UK coal expansion. 
 
The Climate Safety report outlines the results of a process of deliberation and discussion within our own 
organisation. We will continue this discussion through our work, and through the climatesafety.org 
website, where you will find:

A •	 free PDF copy of this report.

A •	 blog exploring and detailing some of the issues contained within this document.

Supplementary information – including •	 briefing papers, graphs and graphics.

‘Science’ & ‘Action’ •	 annexes, with further discussion and detail supporting the sections in the report

Related •	 multimedia resources, including video explanations of key issues contained in the report.

Opportunities to •	 discuss and debate the material contained within the report.

Our future work will include developing the themes and discussions of ‘Climate Safety’; projects 
detailing the potential for high-integration renewable energy in the UK, and work examining the 
financing of energy infrastructure change. 
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“You cannot overstate the importance of this report: it has opened my eyes to levels of climate risk far beyond those 
of which I was aware. It shows that we have to rethink completely our responses to it. Crisp, clear-headed and 
profoundly shocking, this report should be read immediately by everyone who cares.”

George Monbiot, author and journalist

“A report to keep every policy maker awake at night, this is a devastating and unflinching exposé of the profound 
gap between the predictions of how climate change will impact on the planet produced by the Intergovernmental 
Panel on Climate Change, and the already observable impact of global warming on the ground.  We need nothing 
less than the declaration of a global state of emergency if we are to avoid the worst.  Generating the political will to 
act, which has so far been conspicuous by its absence across the world, is the most urgent task all of us face, so that 
we can have a chance of creating the social, cultural, and economic circumstances required to deal with the climate 
crisis.”

Caroline Lucas, leader of the Green Party

“It is becomingly increasingly clear that seeking to limit the effects of climate change to 2 degrees of temperature 
rise is dangerously optimistic. Climate Safety plainly shows us that we need to inject a sense of urgency into the 
debate about how we respond to climate change. It’s not about gradually reducing emissions any more, it’s about 
recognising the risks we face and cutting our emissions to zero as quickly as possible.”

Mark Lynas, author of ‘Six Degrees’

“Now is not the time to focus on the long-term. Every day our emissions rise, the risk of destructive climate impacts 
increases. Reframing the current debate away from 2050 targets to address cumulative emissions through short-term 
intervention will not only give us a better chance of achieving a more desirable future, but may ground the message 
in a timeframe within which we see our own futures.”

Alice Bows, Tyndall Centre for Climate Change Research

“Climate Safety is a cogent summary of the indisputable case for rapid decarbonisation that recognises that the only 
obstacle is our capacity to believe in ourselves.”

George Marshall, founder of the Climate Outreach Information Network (COIN)

“Every time we peep out from behind the sofa, the horror movie of climate change looks more scary.  And this 
report shows that it is not a movie; it is real life as it will be experienced for generations to come.  Unless we act now, 
tipping points in the climate system are likely to take us into a new world of climatic extreme. Forget polar bears; it 
is a modern global civilisaion that is at stake.”

Fred Pearce, author and journalist, New Scientist

“Finally, the generation who moved from producer to consumer, broke its connection with the land and found by 
doing so that life was lonelier, less fulfilling and less nourishing, has a mission. That mission is nothing less than 
an unprecedented effort to creatively prevent runaway climate change. Climate Safety sets out clearly where we 
find ourselves and what we need to do. Our mission, should we accept it, could be the making of us, revealing a 
resourcefulness and ingenuity we never would have believed possible.”

Rob Hopkins, Transition Network, author of ‘The Transition Handbook’


