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Global warming controversy
The global warming controversy is a variety of disputes regarding the nature, causes, and consequences of global
warming. The disputed issues include the causes of increased global average air temperature, especially since the
mid-20th century, whether this warming trend is unprecedented or within normal climatic variations, whether
humankind has contributed significantly to it, and whether the increase is wholly or partially an artifact of poor
measurements. Additional disputes concern estimates of climate sensitivity, predictions of additional warming, and
what the consequences of global warming will be.
The controversy is significantly more pronounced in the popular media than in the scientific literature,[1] [2] where
there is a strong consensus that global surface temperatures have increased in recent decades and that the trend is
caused mainly by human-induced emissions of greenhouse gases. No scientific body of national or international
standing disagrees with this view,[3] [4] though a few organisations hold non-committal positions.

History

Public opinion
The level of coverage that US mass media devoted to global warming "was minimal prior to 1988" but interest
increased significantly after the drought of 1988, and related Senate testimony of James E. Hansen "attributing the
abnormally hot weather plaguing our nation to global warming".[5] Similarly, incipient coverage of climate change in
the British press "changed at the end of 1988 ... stimulated by Margaret Thatcher's appropriation of the risks of
climate change to promote nuclear energy and dismantle the coal industry ... but also by environmental organizations
and political forces in opposition who demanded solutions that contrasted with the government's."[6] All European
Union member states ratified the 1997 Kyoto Protocol, and many European countries had already been taking action
to reduce greenhouse gas emissions prior to 1990. For example, Margaret Thatcher advocated action against
man-made climate change in 1988,[7] and Germany started to take action after the Green Party took seats in
Parliament across the 1980s. Substantial activity by NGOs took place as well.[8] Both "global warming" and the
more politically neutral "climate change" were listed by the Global Language Monitor as political buzzwords or
catch phrases in 2005.[9] In Europe, the notion of human influence on climate gained wide acceptance more rapidly
than in many other parts of the world, most notably the United States.[10] [11] A 2009 Eurobarometer survey titled
"Europeans' Attitude Toward Climate Change" notes that, on the average, Europeans rate climate change as the
second most serious problem facing the world today, between "poverty, the lack of food and drinking water" and "a
major global economic downturn." 87% of Europeans consider climate change to be a "very serious" or "serious"
problem, while 10% "do not consider it a serious problem."[12]
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There has been a debate among public commentators about how much weight and media coverage should be given
to each side of the controversy. Andrew Neil of the BBC stated that "There's a great danger that on some issues we're
becoming a one-party state in which we're meant to have only one kind of view. You don't have to be a
climate-change denier to recognise that there's a great range of opinion on the subject."[13] Martin Gardner, on the
other hand, sees the media in the United States bending over backwards to give equal time to both sides, when
pseudoscience and science are at odds.[14]

The authors of the 2010 book Merchants of Doubt accuse climate change "skeptics" of trying to sow seeds of doubt
in public opinion in order to halt any meaningful social or political progress to reduce the impact of human carbon
emissions. The fact that only half of the American population believe that global warming is caused by human
activity could be seen as a victory for these so-called skeptics.[2] One of the authors' main arguments is that most
prominent scientists who have been voicing opposition to the near-universal consensus are being funded by
industries, such as automotive and oil, that stand to lose money by government actions to regulate greenhouse
gases.[15]

A compendium of poll results on public perceptions about global warming is below.[16] [17] [18]

 Statement % agree Year 

(USA) Global Warming is very/extremely important[17] 49 2006

(International) Climate change is a serious problem.[19] 90 2006

(International) Human activity is a significant cause of climate change.[18] 79 2007

(USA) It's necessary to take major steps starting very soon.[18] 59 2007

(USA) The Earth is getting warmer because of human activity[20] 49 2009

In 2007 a report on public perceptions in the UK by Ipsos MORI[21] reported that
• There is widespread recognition that the climate, irrespective of the cause, is changing - 88% believe this to be

true.
• However, the public is out of step with the IPCC, with 41% believing that climate change is being caused by both

human activity and natural processes. 46% believe human activity is the main cause.
• Only a small minority reject anthropogenic climate change, while almost half (44%) are very concerned.

However, there remains a large proportion who are yet to be fully persuaded and hold doubts about the extent of
the threat.

• There is still a strong appetite among the public for more information, and 63% say they need this to come to a
firm view on the issue and what it means for them.

• The public continue to externalise climate change to other people, places and times. It is increasingly perceived as
a major global issue with far-reaching consequences for future generations - 45% say it is the most serious threat
facing the World today and 53% believe it will impact significantly on future generations. However, the issue
features less prominently nationally and locally, indeed only 9% believe climate change will have a significant
impact upon them personally.

The Canadian science broadcaster and environmental activist, David Suzuki, reports that focus groups organized by
the David Suzuki Foundation showed the public has a poor understanding of the science behind global warming.[22]

This is despite recent publicity through different means, including the films An Inconvenient Truth and The 11th
Hour.
An example of the poor understanding is public confusion between global warming and ozone depletion or other
environmental problems.[23] [24]
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A 15-nation poll conducted in 2006 by Pew Global found that there "is a substantial gap in concern over global
warming – roughly two-thirds of Japanese (66%) and Indians (65%) say they personally worry a great deal about
global warming. Roughly half of the populations of Spain (51%) and France (46%) also express great concern over
global warming, based on those who have heard about the issue. But there is no evidence of alarm over global
warming in either the United States or China – the two largest producers of greenhouse gases. Just 19% of
Americans and 20% of the Chinese who have heard of the issue say they worry a lot about global warming – the
lowest percentages in the 15 countries surveyed. Moreover, nearly half of Americans (47%) and somewhat fewer
Chinese (37%) express little or no concern about the problem."[25]

A 47-nation poll by Pew Global Attitudes conducted in 2007 found that "Substantial majorities 25 of 37 countries
say global warming is a 'very serious' problem".[26]

There are differences between the opinion of scientists and that of the general public. A 2009 poll by Pew Research
Center found that "[w]hile 84% of scientists say the earth is getting warmer because of human activity such as
burning fossil fuels, just 49% of the public agrees."[20] A 2010 poll in the UK for the BBC showed "Climate
scepticism on the rise".[27] Robert Watson found this "very disappointing" and said that "We need the public to
understand that climate change is serious so they will change their habits and help us move towards a low carbon
economy."

Related controversies
Many of the critics of the consensus view on global warming have disagreed, in whole or part, with the scientific
consensus regarding other issues, particularly those relating to environmental risks, such as ozone depletion, DDT,
and passive smoking.[28] [29] Chris Mooney, author of The Republican War on Science, has argued that the
appearance of overlapping groups of skeptical scientists, commentators and think tanks in seemingly unrelated
controversies results from an organised attempt to replace scientific analysis with political ideology. Mooney claims
that the promotion of doubt regarding issues that are politically, but not scientifically, controversial became
increasingly prevalent under the Bush Administration and constituted a "Republican war on science". This is also the
subject of a recent book by environmental lawyer Robert F. Kennedy Jr. entitled Crimes Against Nature: How
George W. Bush and Corporate Pals are Plundering the Country and Hijacking Our Democracy. Another book on
this topic is The Assault on Reason by former U.S. Vice-President Al Gore. Earlier instances of this trend are also
covered in the book The Heat Is On by Ross Gelbspan.
Some critics of the scientific consensus on global warming have argued that these issues should not be linked and
that reference to them constitutes an unjustified ad hominem attack.[30] Political scientist Roger Pielke, Jr.,
responding to Mooney, has argued that science is inevitably intertwined with politics.[31]
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The mainstream scientific position, and challenges to it
The finding that the climate has warmed in recent decades and that human activities are already contributing
adversely to global climate change has been endorsed by every national science academy that has issued a statement
on climate change, including the science academies of all of the major industrialized countries.[32]

Reproduction of the temperature record using
historical forcings

Attribution of recent climate change discusses how global warming is
attributed to anthropogenic GHGs.

On the assertion of consensus

Environmental groups, many governmental reports, and the media in
all countries but the United States often state that there is virtually
unanimous agreement in the scientific community in support of
human-caused global warming.[33] [34] [35] [36] Opponents either
maintain that some scientists consider global warming "unproved",
dismiss it altogether, or highlight the dangers of focusing on only one
viewpoint in the context of what they say is unsettled science, or point
out that science is based on facts and not on opinion polls.[37] [38]

Environmental journalist George Monbiot revealed that a list of "500
Scientists with Documented Doubts of Man-Made Global Warming
Scares"[39] published in 2007 by the Hudson Institute and distributed
by the Heartland Institute included numerous scientists who had demanded to be removed from the list.[40] [41] The
institute refused requests by scientists to have their names removed, stating that the scientists "have no right—legally
or ethically—to demand that their names be removed."[42]

A 2010 paper in the Proceedings of the National Academy of Sciences analysed "1,372 climate researchers and their
publication and citation data to show that (i) 97–98% of the climate researchers most actively publishing in the field
support the tenets of ACC outlined by the Intergovernmental Panel on Climate Change, and (ii) the relative climate
expertise and scientific prominence of the researchers unconvinced of ACC are substantially below that of the
convinced researchers".[43] [44] Judith Curry has said "This is a completely unconvincing analysis," whereas Naomi
Oreskes said that the paper shows that "the vast majority of working [climate] research scientists are in agreement
[on climate change]... Those who don't agree, are, unfortunately—and this is hard to say without sounding
elitist—mostly either not actually climate researchers or not very productive researchers."[44] [45] Jim Prall, one of
the coauthors of the study, acknowledged "it would be helpful to have lukewarm [as] a third category."[44]

On the authority of the IPCC
The "standard" view of climate change has come to be defined by the reports of the IPCC, which is supported by
many other science academies and scientific organizations. In 2001, sixteen of the world's national science
academies made a joint-statement on climate change, and gave their support for the IPCC[32]

Opponents have generally attacked either the IPCC's processes, people[46] or the Synthesis and Executive
summaries; the scientific reports attract less attention. Some of the controversy and criticism has originated from
experts invited by the IPCC to submit reports or serve on its panels. For example, Richard Lindzen has publicly
dissented from IPCC positions.
Christopher Landsea, a hurricane researcher, said of "the part of the IPCC to which my expertise is relevant" that "I 
personally cannot in good faith continue to contribute to a process that I view as both being motivated by 
pre-conceived agendas and being scientifically unsound",[47] because of comments made at a press conference by 
Kevin Trenberth of which Landsea disapproved. Trenberth said that "Landsea's comments were not correct";[48] the 
IPCC replied that "individual scientists can do what they wish in their own rights, as long as they are not saying
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anything on behalf of the IPCC" and offered to include Landsea in the review phase of the AR4.[49] Roger Pielke, Jr.
commented that "Both Landsea and Trenberth can and should feel vindicated... the IPCC accurately reported the
state of scientific understandings of tropical cyclones and climate change in its recent summary for policy
makers".[48]

In 2005, the House of Lords Economics Committee wrote that "We have some concerns about the objectivity of the
IPCC process, with some of its emissions scenarios and summary documentation apparently influenced by political
considerations." It doubted the high emission scenarios and said that the IPCC had "played-down" what the
committee called "some positive aspects of global warming".[50] The main claims of the House of Lords Economics
Committee were rejected in the response made by the United Kingdom government[51] and by the Stern Review.
Speaking to the difficulty of establishing scientific consensus on the precise extent of human action on climate
change, John Christy, a contributing author, wrote:

Contributing authors essentially are asked to contribute a little text at the beginning and to review the first two
drafts. We have no control over editing decisions. Even less influence is granted the 2,000 or so reviewers.
Thus, to say that 800 contributing authors or 2,000 reviewers reached consensus on anything describes a
situation that is not reality.[52]

He added:
I’ve written a number of papers about the precision of our climate records. The impact of Kyoto-like proposals
will be too small for we scientists to measure due to the natural variations of climate and the lack of precision
in our observing system. In other words we will not be able to tell lawmakers with high confidence that
specific regulations achieve anything in terms of climate in this country or the world. Additionally, the climate
system is immensely complicated and really cannot be tweaked for a predictable outcome.[52]

On December 10, 2008, a report was released by the U.S. Senate Committee on Environment and Public Works
Minority members, under the leadership of the Senate's most vocal global warming skeptic Jim Inhofe. The timing of
the report coincided with the UN global warming conference in Poznań, Poland. It claims to summarize scientific
dissent from the IPCC.[53] Many of the claims about the numbers of individuals listed in the report, whether they are
actually scientists, and whether they support the positions attributed to them, have been disputed.
While some critics have argued that the IPCC overstates likely global warming, others have made the opposite
criticism. David Biello, writing in the Scientific American, argues that, because of the need to secure consensus
among governmental representatives, the IPCC reports give conservative estimates of the likely extent and effects of
global warming.[54] Science editor Brooks Hanson states in a 2010 editorial: "The IPCC reports have underestimated
the pace of climate change while overestimating societies' abilities to curb greenhouse gas emissions."[55] Climate
scientist James E. Hansen argues that the IPCC's conservativeness seriously underestimates the risk of sea-level rise
on the order of meters—enough to inundate many low-lying areas, such as the southern third of Florida.[56] Roger A.
Pielke Sr. has also stated that "Humans are significantly altering the global climate, but in a variety of diverse ways
beyond the radiative effect of carbon dioxide. The IPCC assessments have been too conservative in recognizing the
importance of these human climate forcings as they alter regional and global climate."[57]

Henderson-Sellers has collected comments from IPCC authors in a 2007 workshop revealing a number of
concerns.[58]
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Greenhouse gases
Attribution of recent climate change discusses the evidence for recent global warming. Correlation of CO2 and
temperature is not part of this evidence. Nonetheless, one argument against global warming claims that rising levels
of carbon dioxide (CO2) and other greenhouse gases (GHGs) do not correlate with global warming.[59]

• Studies of ice cores show that carbon dioxide levels rise and fall with or after (as much as 1000 years)
temperature variations.[60] This has been used to argue that the current rise in CO2 is a result of warming and not
a cause. While it is generally agreed that variations before the industrial age are mostly timed by astronomical
forcing,[61] the current variations, of whatever size, are claimed to be timed by anthropogenic releases of CO2
(thus returning the argument to the importance of human CO2 emissions). Analysis of carbon isotopes in
atmospheric CO2 shows that the recent observed CO2 increase cannot have come from the oceans, volcanoes, or
the biosphere, and thus is not a response to rising temperatures as would be required if the same processes
creating past lags were active now.[62]

• Carbon dioxide accounts for about 383 parts per million by volume (ppm) of the Earth's atmosphere, increasing
from 278 ppm in the 1880s to over 380 ppm in 2005. Carbon dioxide causes between 9 and 26% of the natural
greenhouse effect.

• In the Ordovician period of the Paleozoic era (about 450 million years ago), the Earth had an atmospheric CO2
concentration estimated at 4400ppm (or 0.44% of the atmosphere), while also having evidence of some glaciation.
Modeling work has shown that it is possible for local areas at elevations greater than 300–500 meters to contain
year-round snow cover even with high atmospheric CO2 concentrations.[63] A 2006 study suggests that the
elevated CO2 levels and the glaciation are not synchronous, but rather that weathering associated with the uplift
and erosion of the Appalachian Mountains greatly reduced atmospheric greenhouse gas concentrations and
permitted the observed glaciation.[64]

As noted above, climate models are only able to simulate the temperature record of the past century when GHG
forcing is included, being consistent with the findings of the IPCC which has stated that: "Greenhouse gas forcing,
largely the result of human activities, has very likely caused most of the observed global warming over the last 50
years"[65]

The "standard" set of scenarios for future atmospheric greenhouse gases are the IPCC SRES scenarios. The purpose
of the range of scenarios is not to predict what exact course the future of emissions will take, but what it may take
under a range of possible population, economic and societal trends.[66] Climate models can be run using any of the
scenarios as inputs to illustrate the different outcomes for climate change. No one scenario is officially preferred, but
in practice the "A1b" scenario roughly corresponding to 1%/year growth in atmospheric CO2 is often used for
modelling studies.
There is debate about the various scenarios for fossil fuel consumption. Global warming skeptic Fred Singer stated
that "some good experts believe" that atmospheric CO2 concentration will not double since economies are becoming
less reliant on carbon.[67]

However, The Stern report,[68] like many other reports, notes the past correlation between CO2 emissions and
economic growth and then extrapolates using a "business as usual" scenario to predict GDP growth and hence CO2
levels, concluding that:

Increasing scarcity of fossil fuels alone will not stop emissions growth in time. The stocks of
hydrocarbons that are profitable to extract are more than enough to take the world to levels of CO2 well
beyond 750ppm with very dangerous consequences for climate change impacts.

According to Lawrence Livermore National Laboratory, "the earth would warm by 8 degrees Celsius (14.4 degrees
Fahrenheit) if humans use the entire planet's available fossil fuels by the year 2300."[69]
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Solar variation

400 year history of sunspot numbers.

Last 30 years of solar variability.

Scientists opposing the mainstream scientific assessment of global warming express varied opinions concerning the
cause of global warming. Some say only that it has not yet been ascertained whether humans are the primary cause
of global warming; others attribute global warming to natural variation; ocean currents; increased solar activity or
cosmic rays. The consensus position is that solar radiation may have increased by 0.12 W/m² since 1750, compared
to 1.6 W/m² for the net anthropogenic forcing.[70] The TAR said, "The combined change in radiative forcing of the
two major natural factors (solar variation and volcanic aerosols) is estimated to be negative for the past two, and
possibly the past four, decades."[71] The AR4 makes no direct assertions on the recent role of solar forcing, but the
previous statement is consistent with the AR4's figure 4.
A few studies claim that the present level of solar activity is historically high as determined by sunspot activity and
other factors. Solar activity could affect climate either by variation in the Sun's output or, more speculatively, by an
indirect effect on the amount of cloud formation. Solanki and co-workers suggest that solar activity for the last 60 to
70 years may be at its highest level in 8,000 years; Muscheler et al. disagree, suggesting that other comparably high
levels of activity have occurred several times in the last few thousand years.[72] Muscheler et al. concluded that
"solar activity reconstructions tell us that only a minor fraction of the recent global warming can be explained by the
variable Sun."[73] Solanki et al. concluded "that solar variability is unlikely to have been the dominant cause of the
strong warming during the past three decades," and that "at the most 30% of the strong warming since then can be of
solar origin."[74]

Another point of controversy is the correlation of temperature with solar variation.[75]

Mike Lockwood and Claus Fröhlich reject the claim that the warming observed in the global mean surface
temperature record since about 1850 is the result of solar variations.[76] Lockwood and Fröhlich conclude that "the
observed rapid rise in global mean temperatures seen after 1985 cannot be ascribed to solar variability, whichever of
the mechanisms is invoked and no matter how much the solar variation is amplified.

Aerosols forcing
The "pause" in warming from the 1940s to 1960's is generally attributed to cooling effect of sulphate aerosols.[77] [78]

More recently, this forcing has (relatively) declined, which may have enhanced warming, though the effect is
regionally varying. See global dimming. Another example of this is in Ruckstuhl's paper who found a 60% reduction
in aerosol concentrations over Europe causing solar brightening:[79]

[...] the direct aerosol effect had an approximately five times larger impact on climate forcing than the
indirect aerosol and other cloud effects. The overall aerosol and cloud induced surface climate forcing is
~+1 W m−2 dec−1 and has most probably strongly contributed to the recent rapid warming in Europe.
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On the reliability of temperature records

Instrumental temperature record

Skeptics have questioned the accuracy of the instrumental temperature record on the basis of the urban heat island
effect, the quality of the surface station network and what they view as unwarranted adjustments to the temperature
record.
Skeptics contend that stations located in more populated areas could show warming due to increased heat generated
by cities, rather than a global temperature rise.[80] The IPCC Third Assessment Report acknowledges that the urban
heat island is an important local effect, but cites analyses of historical data indicating that the effect of the urban heat
island on the global temperature trend is no more than 0.05 °C (0.09 °F) degrees through 1990.[81] More recently,
Peterson (2003) found no difference between the warming observed in urban and rural areas.[82]

Parker (2006) found that there was no difference in warming between calm and windy nights. Since the urban heat
island effect is strongest for calm nights and is weak or absent on windy nights, this was taken as evidence that
global temperature trends are not significantly contaminated by urban effects.[83] Pielke and Matsui published a
paper disagreeing with Parker's conclusions.[84]

More recently, Roger A. Pielke and Stephen McIntyre have criticized the US instrumental temperature record and
adjustments to it, and Pielke and others have criticized the poor quality siting of a number of weather stations in the
United States.[85] [86] In response, Anthony Watts began a volunteer effort to photographically document the siting
quality of these stations.[87] Based on the work of Watts, Stephen McIntyre has completed a reconstruction of U.S.
temp history using only those weather stations identified so far as meeting the requirements to be CRN level 1
(excellent) or level 2 (good) stations. The higher quality stations indicate the warmest years in the U.S. were 1934
and 1921, followed by 1998 and 2006.[88] McIntyre has made all of his methods, data and code available for others
to reproduce his findings. McIntyre's analysis has not been published in the peer-reviewed literature.
Joe D'Aleo and other climate skeptics have also suggested that the NOAA and GISS temperature records show a
warming trend due to the reduction of the number of weather stations used to calculate the average world
temperature. He states that this is done by cherry picking weather stations in order to show a warming trend.
Specifically, it is claimed that large regions of the temperature record are derived from other weather stations in the
region. For example, Bolivia, a landlocked and high-altitude country, has its temperature derived from lower-altitude
areas in the Amazon Basin and in Peru.[89] [90] [91]

Tropospheric temperature record

General circulation models and basic physical considerations predict that in the tropics the temperature of the
troposphere should increase more rapidly than the temperature of the surface. A 2006 report to the U.S. Climate
Change Science Program noted that models and observations agreed on this amplification for monthly and
interannual time scales but not for decadal time scales in most observed data sets. Improved measurement and
analysis techniques have reconciled this discrepancy: corrected buoy and satellite surface temperatures are slightly
cooler and corrected satellite and radiosonde measurements of the tropical troposphere are slightly warmer.[92]

Satellite temperature measurements show that tropospheric temperatures are increasing with "rates similar to those of
the surface temperature", leading the IPCC to conclude that this discrepancy is reconciled.[93]
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Antarctica cooling

Antarctic Skin Temperature Trends between 1981
and 2007, based on thermal infrared observations
made by a series of NOAA satellite sensors. Skin
temperature trends do not necessarily reflect air

temperature trends.

Various individuals, most notably writer Michael Crichton,[94] have
asserted that Antarctic temperature measurements[95] contradict global
warming. Observations unambiguously show the Peninsula to be
warming. The trends elsewhere show both warming and cooling but
are smaller and dependent on season and the timespan over which the
trend is computed.[96] [97] Climate models predict that future trends in
Antarctica are much smaller than in the Arctic.[98]

To the extent that a controversy exists it is confined to the popular
press and blogs; there is no evidence of a related controversy within
the scientific community. Peter Doran, the lead author of the paper
cited by Crichton, stated that "... our results have been misused as
"evidence" against global warming by Crichton in his novel 'State of
Fear'..."[99] Others, for example RealClimate, agree there is no
contradiction.[100]

Climate sensitivity
Equilibrium climate sensitivity refers to the equilibrium change in global mean surface temperature (ΔTs) following
a unit change in the radiative forcing(RF).[101]

(ΔTs): ΔTs = λRF, where λ is the climate sensitivity parameter[102]

This value is estimated by the IPCC Fourth Assessment Report as "likely to be in the range 2 to 4.5 °C with a best
estimate of about 3 °C."
Using a combination of surface temperature history and ocean heat content, Stephen E. Schwartz has proposed an
estimate of climate sensitivity of 1.9 ± 1.0 K for doubled CO2.,[103] revised upwards from 1.1 ± 0.5 K.[104] Grant
Foster, James Annan, Gavin Schmidt, and Michael E. Mann[105] [106] argue that there are errors in both versions of
Schwartz's analysis. Astronomer Nir Shaviv also has computed a value for climate sensitivity of 0.35+/-0.09 °K /
(W/m2), which is consistent with a variety of historical datasets.[107] [108] Petr Chylek and co-authors have also
proposed low climate sensitivity to doubled CO2, estimated to be 1.6 K ± 0.4 K.[109]

Infrared iris hypothesis
Richard Lindzen proposed an Infrared Iris hypothesis of compensating meteorological processes that tend to stabilize
climate change.[110] Roy Spencer et al. discovered "a net reduction in radiative input into the ocean-atmosphere
system" in tropical intraseasonal oscillations that "may potentially support" the idea of an "Iris" effect, although they
point out that their work is concerned with much shorter time scales.[111] Other analyses have found that the iris
effect is a positive feedback rather than the negative feedback proposed by Lindzen.[112]

Internal radiative forcing
Roy Spencer hypothesizes there is an "Internal Radiative Forcing" affecting climate variability,[113] [114]

[...] mixing up of cause and effect when observing natural climate variability can lead to the mistaken
conclusion that the climate system is more sensitive to greenhouse gas emissions than it really is. . . . it
provides a quantitative mechanism for the (minority) view that global warming is mostly a manifestation
of natural internal climate variability.

http://en.wikipedia.org/w/index.php?title=File:Antarctic_Temperature_Trend_1981-2007.jpg
http://en.wikipedia.org/w/index.php?title=Michael_Crichton
http://en.wikipedia.org/w/index.php?title=Arctic
http://en.wikipedia.org/w/index.php?title=Peter_Doran
http://en.wikipedia.org/w/index.php?title=RealClimate
http://en.wikipedia.org/w/index.php?title=Climate_sensitivity
http://en.wikipedia.org/w/index.php?title=Radiative_forcing
http://en.wikipedia.org/w/index.php?title=Stephen_E._Schwartz
http://en.wikipedia.org/w/index.php?title=Climate_sensitivity
http://en.wikipedia.org/w/index.php?title=James_Annan
http://en.wikipedia.org/w/index.php?title=Gavin_Schmidt
http://en.wikipedia.org/w/index.php?title=Michael_E._Mann
http://en.wikipedia.org/w/index.php?title=Nir_Shaviv
http://en.wikipedia.org/w/index.php?title=Petr_Chylek
http://en.wikipedia.org/w/index.php?title=Richard_Lindzen
http://en.wikipedia.org/w/index.php?title=Iris_hypothesis
http://en.wikipedia.org/w/index.php?title=Roy_Spencer_%28scientist%29
http://en.wikipedia.org/w/index.php?title=Roy_Spencer_%28scientist%29


Global warming controversy 220

[...] low frequency, internal radiative forcing amounting to little more than 1 W m-2, assumed to be
proportional to a weighted average of the Southern Oscillation and Pacific Decadal Oscillation indices
since 1900, produces ocean temperature behavior similar to that observed: warming from 1900 to 1940,
then slight cooling through the 1970s, then resumed warming up to the present, as well as 70% of the
observed centennial temperature trend.

Spencer's hypothesis has not been published in a peer-reviewed journal.

Temperature predictions
Conventional predictions of future temperature rises depend on estimates of future GHG emissions (see SRES) and
the climate sensitivity. Models referenced by the Intergovernmental Panel on Climate Change (IPCC) predict that
global temperatures are likely to increase by 1.1 to 6.4 °C (2.0 to 11.5 °F) between 1990 and 2100. Others have
proposed that temperature increases may be higher than IPCC estimates. One theory is that the climate may reach a
"tipping point" where positive feedback effects lead to runaway global warming; such feedbacks include decreased
reflection of solar radiation as sea ice melts, exposing darker seawater, and the potential release of large volumes of
methane from thawing permafrost.[115]

An example of a prediction that has been tested comes from 1959, when Dr. Bert Bolin, in a speech to the National
Academy of Sciences, predicted that by the year 2000, there would be a 25% increase in carbon dioxide in the
atmosphere compared to the levels in 1859. This prediction has proved to be an underestimate. The actual increase
by 2000 was about 29%.[116]

Some scientists, such as David Orrell or Henk Tennekes, say that climate change cannot be accurately predicted.
Orrell says that the range of future increase in temperature suggested by the IPCC rather represents a social
consensus in the climate community, but adds that "we are having a dangerous effect on the climate".[117]

A 2007 study by David Douglass and coworkers concluded that the 22 most commonly used global climate models
used by the IPCC were unable to accurately predict accelerated warming in the troposphere although they did match
actual surface warming, concluding that "projections of future climate based on these models should be viewed with
much caution." This result contrasts a similar study of 19 models which found that discrepancies between model
predictions and actual temperature were likely due to measurement errors.[118]

Forecasts confidence
The IPCC states it has increased confidence in forecasts coming from General Circulation Models or GCMs. Chapter
8 of AR4 reads:

There is considerable confidence that climate models provide credible quantitative estimates of future
climate change, particularly at continental scales and above. This confidence comes from the foundation
of the models in accepted physical principles and from their ability to reproduce observed features of
current climate and past climate changes. Confidence in model estimates is higher for some climate
variables (e.g., temperature) than for others (e.g., precipitation). Over several decades of development,
models have consistently provided a robust and unambiguous picture of significant climate warming in
response to increasing greenhouse gases.[119]

Certain scientists, skeptics and otherwise, believe this confidence in the models’ ability to predict future climate is
not earned.[120] [121] [122]
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Arctic shrinkage

Arctic Sea ice as of 2007 compared to 2005 and also compared to 1979-2000 average

Northern Hemisphere ice trends

One unsettled question related to temperature rises is if or when the Arctic sea may become ice-free in the summer
(winter sea ice remains in all scenarios). Arctic specialist Mark Serreze said, following the record low in 2007,[123]

"If you asked me a couple of years ago when the Arctic could lose all of its ice then I would have said 2100, or 2070
maybe. But now I think that 2030 is a reasonable estimate."[124]

Data archiving and sharing
Scientific journals and funding agencies generally require authors of peer-reviewed research to archive all of the data
necessary to reproduce their research. If another scientist attempts to reproduce the research and needs additional
data, authors are expected (with few exceptions) to provide the data, metadata, methods and source code that may be
necessary.
Dr David Legates has claimed that Mann, Bradley and Hughes 1998, famous for its hockey stick-shaped historic
temperature reconstruction, serves as an example of climate scientists not abiding by these policies and suggested
that legislators might ultimately take action to enforce them.[125]
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Political

The Washington Monument illuminated with a
message from Greenpeace criticizing American

environmental policy

In the U.S. global warming is often a partisan political issue.
Republicans tend to oppose action against a threat that they regard as
unproven, while Democrats tend to support actions that they believe
will reduce global warming and its effects through the control of
greenhouse gas emissions.[126] Recently, bipartisan measures have
been introduced.[127]

Climatologist Kevin E. Trenberth stated:
The SPM was approved line by line by governments[...]
.The argument here is that the scientists determine what
can be said, but the governments determine how it can best
be said. Negotiations occur over wording to ensure
accuracy, balance, clarity of message, and relevance to
understanding and policy. The IPCC process is dependent
on the good will of the participants in producing a
balanced assessment. However, in Shanghai, it appeared
that there were attempts to blunt, and perhaps obfuscate,
the messages in the report, most notably by Saudi Arabia.
This led to very protracted debates over wording on even
bland and what should be uncontroversial text... The most
contentious paragraph in the IPCC (2001) SPM was the
concluding one on attribution. After much debate, the following was carefully crafted: "In the light of
new evidence, and taking into account the remaining uncertainties, most of the observed warming over
the last 50 years is likely to have been due to the increase in greenhouse-gas concentrations".[128]

As more evidence has become available over the existence of global warming debate has moved to further
controversial issues, including:
1. The social and environmental impacts
2. The appropriate response to climate change
3. Whether decisions require less uncertainty
The single largest issue is the importance of a few degrees rise in temperature:

Most people say, "A few degrees? So what? If I change my thermostat a few degrees, I'll live fine." ...
[The] point is that one or two degrees is about the experience that we have had in the last 10,000 years,
the era of human civilization. There haven't been--globally averaged, we're talking--fluctuations of more
than a degree or so. So we're actually getting into uncharted territory from the point of view of the
relatively benign climate of the last 10,000 years, if we warm up more than a degree or two. (Stephen H.
Schneider[129] )

The other point that leads to major controversy—because it could have significant economic impacts—is whether
action (usually, restrictions on the use of fossil fuels to reduce carbon-dioxide emissions) should be taken now, or in
the near future; and whether those restrictions would have any meaningful effect on global temperature.
Because of the economic ramifications of such restrictions, there are those, including the Cato Institute, a libertarian
think tank, who feel strongly that the negative economic effects of emission controls outweigh the environmental
benefits.[130] They claim that even if global warming is caused solely by the burning of fossil fuels, restricting their
use would have more damaging effects on the world economy than the increases in global temperature.[131]
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The linkage between coal, electricity, and economic growth in the United States is as clear as it can be.
And it is required for the way we live, the way we work, for our economic success, and for our future.
Coal-fired electricity generation. It is necessary.(Fred Palmer, President of Western Fuels
Association[131] )

Conversely, others feel strongly that early action to reduce emissions would help avoid much greater economic costs
later, and would reduce the risk of catastrophic, irreversible change.[132] In his December 2006 book, Hell and High
Water, energy technology expert Joseph J. Romm

discusses the urgency to act and the sad fact that America is refusing to do so...
Ultimately, however, a strictly economic argument for or against action on climate change is limited at best, failing
to take into consideration other potential impacts of any change.
Council on Foreign Relations senior fellow Walter Russell Mead argues that the 2009 Copenhagen Summit failed
because environmentalists have changed from "Bambi to Godzilla." According to Mead, environmentalist used to
represent the skeptical few who made valid arguments against big government programs which tried to impose
simple but massive solutions on complex situations. Environmentalists' more recent advocacy for big economic and
social intervention against global warming, according to Mead, has made them, "the voice of the establishment, of
the tenured, of the technocrats" and thus has lost them the support of a public which is increasingly skeptical of
global warming.[133]

Kyoto Protocol
The Kyoto protocol is the most prominent international agreement on climate change, and is also highly
controversial. Some argue that it goes too far[134] or not nearly far enough[135] in restricting emissions of greenhouse
gases. Another area of controversy is the fact that China and India, the world's two most populous countries, both
ratified the protocol but are not required to reduce or even limit the growth of carbon emissions under the present
agreement even though when listed by greenhouse gas emissions per capita, they have rankings of 121st largest per
capita emitter at 3.9 Tonnes of CO2e and 162nd largest per capita emitter at 1.8 Tonnes of CO2e respectively,
compared with for example the USA at position of the 14th largest per capita CO2e emitter at 22.9 Tonnes of CO2e.
Nevertheless, China is the world's second largest producer of greenhouse gas emissions, and India 4th (see: countries
by greenhouse emissions). Various predictions see China overtaking the US in total greenhouse emissions between
late 2007 and 2010,[136] [137] [138] and according to many other estimates, this already occurred in 2006.[139] [140]

Additionally, high costs of decreasing emissions may cause significant production to move to countries that are not
covered under the treaty, such as India and China, claims Fred Singer.[141] As these countries are less energy
efficient, this scenario is claimed to cause additional carbon emissions.
In May 2010 the Hartwell Paper was published by the London School of Economics in collaboration with the
University of Oxford.[142] This paper was written by 14 academics from various disciplines in the sciences and
humanities, and also some policies thinkers, and they argued that the Kyoto Protocol crashed in late 2009 and "has
failed to produce any discernable real world reductions in emissions of greenhouse gases in fifteen years."[142] They
argued that this failure opened an opportunity to set climate policy free from Kyoto and the paper advocates a
controversial and piecemeal approach to decarbonization of the global economy.[143] [144] The Hartwell paper
proposes that "the organising principle of our effort should be the raising up of human dignity via three overarching
objectives: ensuring energy access for all; ensuring that we develop in a manner that does not undermine the
essential functioning of the Earth system; ensuring that our societies are adequately equipped to withstand the risks
and dangers that come from all the vagaries of climate, whatever their cause may be."[142] [143] [144]

The only major developed nation which has signed but not ratified the Kyoto protocol is the USA (see signatories).
The countries with no official position on Kyoto are mainly African countries with underdeveloped scientific
infrastructure or are oil producers .
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Funding for partisans
Both sides of the controversy have alleged that access to funding has played a role in the willingness of credentialed
experts to speak out.
The Greenpeace research project ExxonSecrets, and George Monbiot writing in The Guardian, as well as various
academics,[145] [146] have linked several skeptical scientists—Fred Singer, Fred Seitz and Patrick Michaels—to
organizations funded by ExxonMobil and Philip Morris for the purpose of promoting global warming
skepticism.[147] Similarly, groups employing global warming skeptics, such as the George C. Marshall Institute, have
been criticized for their ties to fossil fuel companies.[148]

On February 2, 2007, The Guardian stated[149] [150] that Kenneth Green, a Visiting Scholar with AEI, had sent
letters[151] to scientists in the UK and the U.S., offering US$10,000 plus travel expenses and other incidental
payments in return for essays with the purpose of "highlight[ing] the strengths and weaknesses of the IPCC process",
specifically regarding the IPCC Fourth Assessment Report.
A furor was raised when it was revealed that the Intermountain Rural Electric Association (an energy cooperative
that draws a significant portion of its electricity from coal-burning plants) donated $100,000 to Patrick Michaels and
his group, New Hope Environmental Services, and solicited additional private donations from its members.[152] [153]

[154]

The Union of Concerned Scientists have produced a report titled 'Smoke, Mirrors & Hot Air',[155] that criticizes
ExxonMobil for "underwriting the most sophisticated and most successful disinformation campaign since the
tobacco industry" and for "funnelling about $16 million between 1998 and 2005 to a network of ideological and
advocacy organizations that manufacture uncertainty on the issue." In 2006 Exxon claimed that it was no longer
going to fund these groups[156] though that claim has been challenged by Greenpeace.[157]

The Center for the Study of Carbon Dioxide and Global Change, a skeptic group, when confronted about the funding
of a video they put together ($250,000 for "The Greening of Planet Earth" from an oil company) stated, "We applaud
Western Fuels for their willingness to publicize a side of the story that we believe to be far more correct than what at
one time was 'generally accepted.' But does this mean that they fund The Center? Maybe it means that we fund
them!"[158]

Donald Kennedy, editor-in-chief of Science, has said that skeptics such as Michaels are lobbyists more than
researchers, and that "I don't think it's unethical any more than most lobbying is unethical", he said. He said
donations to skeptics amounts to "trying to get a political message across."[159]

A number of global warming skeptics, such as the following, assert that grant money is given preferentially to
supporters of global warming theory. Atmospheric scientist Reid Bryson said in June 2007 that "There is a lot of
money to be made in this... If you want to be an eminent scientist you have to have a lot of grad students and a lot of
grants. You can't get grants unless you say, 'Oh global warming, yes, yes, carbon dioxide.'"[160] Similar claims have
been advanced by climatologist Marcel Leroux,[161] NASA's Roy Spencer, climatologist and IPCC contributor John
Christy, University of London biogeographer Philip Stott,[162] Accuracy in Media,[163] and Ian Plimer in his 2009
book Heaven and Earth — Global Warming: The Missing Science.
Richard Lindzen, the Alfred P. Sloan Professor of Meteorology at MIT, makes the specific claim that "[in] the winter
of 1989 Reginald Newell, a professor of meteorology [at MIT], lost National Science Foundation funding for data
analyses that were failing to show net warming over the past century." Lindzen also suggests four other scientists
"apparently" lost their funding or positions after questioning the scientific underpinnings of global warming.[164]

Lindzen himself, however, has been the recipient of money from energy interests such as OPEC and the Western
Fuels Association, including "$2,500 a day for his consulting services",[165] as well as funding from federal sources
including the National Science Foundation, the Department of Energy, and NASA.[166]
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Changing positions of skeptics
In recent years some skeptics have changed their positions regarding global warming. Ronald Bailey, author of
Global Warming and Other Eco-Myths (published by the Competitive Enterprise Institute in 2002), stated in 2005,
"Anyone still holding onto the idea that there is no global warming ought to hang it up".[167] By 2007, he wrote
"Details like sea level rise will continue to be debated by researchers, but if the debate over whether or not humanity
is contributing to global warming wasn't over before, it is now.... as the new IPCC Summary makes clear, climate
change Pollyannaism is no longer looking very tenable".[168]

"There are alternatives to its [(the climate-change crusade's)] insistence that the only appropriate policy response is
steep and immediate emissions reductions.... a greenhouse-gas-emissions cap ultimately would constrain energy
production. A sensible climate policy would emphasize building resilience into our capacity to adapt to climate
changes.... we should consider strategies of adaptation to a changing climate. A rise in the sea level need not be the
end of the world, as the Dutch have taught us." says Steven F. Hayward of American Enterprise Institute, a
conservative think-tank.[169] Hayward also advocates the use of "orbiting mirrors to rebalance the amounts of solar
radiation different parts of the earth receive"—the space sunshade example of so-called geoengineering for solar
radiation management.
In 2001 Richard Lindzen in response to the question, "Kyoto aside for a moment, should we be trying to reduce
carbon dioxide emissions? Do our concerns about global warming require action?" said "We should prioritize our
responses. You can't just say, "No matter what the cost, and no matter how little the benefit, we'll do this." If we truly
believe in warming, then we've already decided we're going to adjust...The reason we adjust to things far better than
Bangladesh is that we're richer. Wouldn't you think it makes sense to make sure we're as robust and wealthy as
possible? And that the poor of the world are also as robust and wealthy as possible?"[170]

Others argue that if developing nations reach the wealth level of the United States this could greatly increase CO2
emissions and consumption of fossil fuels. Large developing nations such as India and China are predicted to be
major emitters of greenhouse gases in the next few decades as their economies grow.[171] [172]

The conservative National Center for Policy Analysis whose "Environmental Task Force" contains a number of
climate change skeptics including Sherwood Idso and S. Fred Singer[173] says, "The growing consensus on climate
change policies is that adaptation will protect present and future generations from climate-sensitive risks far more
than efforts to restrict CO 2 emissions."[174]

The adaptation-only plan is also endorsed by oil companies like ExxonMobil, "ExxonMobil's plan appears to be to
stay the course and try to adjust when changes occur. The company's plan is one that involves adaptation, as opposed
to leadership,"[175] says this Ceres report.[176]

Gregg Easterbrook characterized himself as having "a long record of opposing alarmism". In 2006, he stated, "based
on the data I'm now switching sides regarding global warming, from skeptic to convert".[177]

The Bush administration also voiced support for an adaptation-only policy. "In a stark shift for the Bush
administration, the United States has sent a climate report [U.S. Climate Action Report 2002] to the United Nations
detailing specific and far-reaching effects it says global warming will inflict on the American environment. In the
report, the administration also for the first time places most of the blame for recent global warming on human
actions—mainly the burning of fossil fuels that send heat-trapping greenhouse gases into the atmosphere". The
report however "does not propose any major shift in the administration's policy on greenhouse gases. Instead it
recommends adapting to inevitable changes instead of making rapid and drastic reductions in greenhouse gases to
limit warming."[178] This position apparently precipitated a similar shift in emphasis at the COP 8 climate talks in
New Delhi several months later,[179] "The shift satisfies the Bush administration, which has fought to avoid
mandatory cuts in emissions for fear it would harm the economy. 'We're welcoming a focus on more of a balance on
adaptation versus mitigation,' said a senior American negotiator in New Delhi. 'You don't have enough money to do
everything.'"[180] see also.[181] The White House emphasis on adaptation was not well received however:
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"Despite conceding that our consumption of fossil fuels is causing serious damage and despite implying
that current policy is inadequate, the Report fails to take the next step and recommend serious
alternatives. Rather, it suggests that we simply need to accommodate to the coming changes. For
example, reminiscent of former Interior Secretary Hodel's proposal that the government address the
hole in the ozone layer by encouraging Americans to make better use of sunglasses, suntan lotion and
broad-brimmed hats, the Report suggests that we can deal with heat-related health impacts by increased
use of air-conditioning ... Far from proposing solutions to the climate change problem, the
Administration has been adopting energy policies that would actually increase greenhouse gas
emissions. Notably, even as the Report identifies increased air conditioner use as one of the 'solutions'
to climate change impacts, the Department of Energy has decided to roll back energy efficiency
standards for air conditioners."[182] Letter from 11 State Attorneys General to George W. Bush.

Some find this shift and attitude disingenuous and indicative of an inherent bias against prevention (i.e. reducing
emissions/consumption) and for the prolonging of profits to the oil industry at the expense of the environment. "Now
that the dismissal of climate change is no longer fashionable, the professional deniers are trying another means of
stopping us from taking action. It would be cheaper, they say, to wait for the impacts of climate change and then
adapt to them" says writer and environmental activist George Monbiot[183] in an article addressing the supposed
economic hazards of addressing climate change. Others argue that adaptation alone will not be sufficient.[184] See
also Copenhagen Consensus.
To be sure, though not emphasized to the same degree as mitigation, adaptation to a climate certain to change has
been included as a necessary component in the discussion early as 1992,[185] and has been all along.[186] [187]

However it was not to the exclusion, advocated by the skeptics, of preventative mitigation efforts, and therein, say
carbon cutting proponents, lies the difference.

Political pressure on scientists
Many climate scientists state that they are put under enormous pressure to distort or hide any scientific results which
suggest that human activity is to blame for global warming. A survey of climate scientists which was reported to the
US House Oversight and Government Reform Committee noted that "Nearly half of all respondents perceived or
personally experienced pressure to eliminate the words 'climate change', 'global warming' or other similar terms from
a variety of communications." These scientists were pressured to tailor their reports on global warming to fit the
Bush administration's climate change scepticism. In some cases, this occurred at the request of a former oil-industry
lobbyist.[188] In June 2008, a report by NASA's Office of the Inspector General concluded that NASA staff
appointed by the White House had censored and suppressed scientific data on global warming in order to protect the
Bush administration from controversy close to the 2004 presidential election.[189]

U.S. officials, such as Philip Cooney, have repeatedly edited scientific reports from US government scientists,[190]

many of whom, such as Thomas Knutson, have been ordered to refrain from discussing climate change and related
topics.[191] [192] [193] Attempts to suppress scientific information on global warming and other issues have been
described by journalist Chris Mooney in his book The Republican War on Science.

Climate scientist James E. Hansen, director of NASA's Goddard Institute for Space Studies, claimed in a widely
cited New York Times article[194] in 2006 that his superiors at the agency were trying to "censor" information "going
out to the public." NASA denied this, saying that it was merely requiring that scientists make a distinction between
personal, and official government, views in interviews conducted as part of work done at the agency. Several
scientists working at the National Oceanic and Atmospheric Administration have made similar complaints;[195] once
again, government officials said they were enforcing long-standing policies requiring government scientists to
clearly identify personal opinions as such when participating in public interviews and forums.
The BBC's long-running current affairs series Panorama recently investigated the issue, and was told that "scientific
reports about global warming have been systematically changed and suppressed."[196]
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On the other hand, some American climatologists who have expressed doubts regarding the certainty of human
influence in climate change have been criticized by politicians and governmental agencies. Oregon Governor Ted
Kulongoski publicly clarified that Oregon does not officially appoint a "state climatologist" in response to Oregon
State University's George Taylor's use of that title.[197] [198] As a result of scientific doubts he has expressed
regarding global warming, the Delaware Department of Natural Resources and Environmental Control reportedly
attempted to remove David Legates from his office of Delaware State Climatologist. In late 2006, Virginia Governor
Tim Kaine (D) reportedly began an investigation of Virginia State Climatologist and global warming skeptic Patrick
Michaels.
Scientists who agree with the consensus view have sometimes expressed concerns over what they view as
sensationalism of global warming by interest groups and the press. For example Mike Hulme, director of the Tyndall
Centre for Climate Research, wrote how increasing use of pejorative terms like "catastrophic", "chaotic" and
"irreversible", had altered the public discourse around climate change: "This discourse is now characterised by
phrases such as 'climate change is worse than we thought', that we are approaching 'irreversible tipping in the Earth's
climate', and that we are 'at the point of no return'. I have found myself increasingly chastised by climate change
campaigners when my public statements and lectures on climate change have not satisfied their thirst for
environmental drama and exaggerated rhetoric."[199]

According to an Associated Press release on January 30, 2007,
Climate scientists at seven government agencies say they have been subjected to political pressure
aimed at downplaying the threat of global warming.
The groups presented a survey that shows two in five of the 279 climate scientists who responded to a
questionnaire complained that some of their scientific papers had been edited in a way that changed their
meaning. Nearly half of the 279 said in response to another question that at some point they had been
told to delete reference to "global warming" or "climate change" from a report."[200]

Critics writing in the Wall Street Journal editorial page claim that the survey[201] was itself unscientific.[202]

In addition to the pressure from politicians, many prominent scientists working on climate change issues have
reported increasingly severe harassment from members of the public. The harassment has taken several forms. The
US FBI told ABC News that it was looking into a spike in threatening emails sent to climate scientists, while a white
supremacist website posted pictures of several climate scientists with the word "Jew" next to each image. One
climate scientist interviewed by ABC News had a dead animal dumped on his doorstep and now frequently has to
travel with bodyguards.[203]

Litigation
Several lawsuits have been filed over global warming. For example, Massachusetts v. Environmental Protection
Agency before the Supreme Court of the United States allowed the Environmental Protection Agency to regulate
greenhouse gases under the Clean Air Act. A similar approach was taken by California Attorney General Bill
Lockyer who filed a lawsuit California v. General Motors Corp. to force car manufacturers to reduce vehicles'
emissions of carbon dioxide. This lawsuit was found to lack legal merit and was tossed out.[204] A third case, Comer
v. Murphy Oil USA, Inc., a class action lawsuit filed by Gerald Maples, a trial attorney in Mississippi, in an effort to
force fossil fuel and chemical companies to pay for damages caused by global warming. Described as a nuisance
lawsuit, it was dismissed by District Court.[205] However, the District Court's decision was overturned by the United
States Court of Appeals for the Fifth Circuit, which instructed the District Court to reinstate several of the plaintiffs'
climate change-related claims on October 22, 2009.[206] The Sierra Club sued the U.S. government over failure to
raise automobile fuel efficiency standards, and thereby decrease carbon dioxide emissions.[207] [208]
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Betting
A prediction market on climate futures, like other kinds of futures markets, could be used to establish the market
consensus on climate change.[209] [210] There has been sporadic betting activity outside of a market framework.
British climate scientist James Annan proposed bets with global warming skeptics concerning whether future
temperatures will increase. Two Russian solar physicists, Galina Mashnich and Vladimir Bashkirtsev, accepted the
wager of US$10,000 that the average global temperature during 2012-2017 would be lower than during
1998-2003.[211] Annan first directly challenged Richard Lindzen. Lindzen had been willing to bet that global
temperatures would drop over the next 20 years. Annan claimed Lindzen wanted odds of 50-1 against falling
temperatures. Lindzen, however, claims that he asked for 2-1 odds against a temperature rise of over 0.4 °C.[212] The
Guardian columnist George Monbiot challenged Myron Ebell of the Competitive Enterprise Institute to a GB£5,000
bet of global warming versus global cooling.[213] Annan and other proponents of the consensus state they have
challenged other skeptics to bets over global warming that were not accepted,[214] including Annan's attempt in 2005
to accept a bet that had been offered by Patrick Michaels in 1998 that temperatures would be cooler after ten
years.[215] A different, $6,000-to-$9,000 bet, where both sides expect warming but differ on the amount, with one
break-even point at 0.15 °C/decade, was made between software engineer David Evans and Brian Schmidt.[216]

Evans explained his reasons as a combination of the following: skepticism in global dimming as an explanation for
recent cooling, evidence against causation by CO2 of historical warming, and the existence of a sound alternative
hypothesis (warming caused by variations in the solar magnetic field).

See also
• Hockey stick controversy
• List of climate scientists
• List of scientists opposing the mainstream scientific assessment of global warming
• Climatic Research Unit documents
• Climatic Research Unit email controversy
• Criticism of the IPCC AR4
• Science wars
• Attitude polarization
• The Real Global Warming Disaster
• The Hockey Stick Illusion
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• Climate Change Deniers vs The Consensus (http:/ / www. informationisbeautiful. net/ visualizations/
climate-change-deniers-vs-the-consensus/ )

Climate change denial
Climate change denial is a term used to describe organized attempts to downplay, deny or dismiss the scientific
consensus on the extent of global warming, its significance, and its connection to human behavior, especially for
commercial or ideological reasons.[1] Typically, these attempts take the rhetorical form of legitimate scientific
debate, while not adhering to the actual principles of that debate.[2] Climate change denial has been associated with
the energy lobby, industry advocates and free market think tanks, often in the United States.[3] [4] [5] [6] [7] Some
commentators describe climate change denial as a particular form of denialism.[8] [9] [10] [11] [12] [13]

Peter Christoff, writing in The Age in 2007, said that climate change denial differs from skepticism, which is
essential for good science. He went to say that "almost two decades after the issue became one of global concern, the
'big' debate over climate change is over. There are now no credible scientific sceptics challenging the underlying
scientific theory, or the broad projections, of climate change."[12] The relationships between industry-funded denial
and public climate change skepticism have at times been compared to earlier efforts by the tobacco industry to
undermine what is now widely accepted scientific evidence relating to the dangers of secondhand smoke, or even
linked as a direct continuation of these earlier financial relationships.[14] Aside from private industry groups, climate
change denial has also been alleged regarding the statements of elected officials.[15]

The consensus among climate scientists is that global warming is occurring and is mainly due to human activity.[16]

However, political and public debate continues regarding the reality and extent of global warming and what actions
(including economic ones), to take in response. Numerous authors, including several scholars, have asserted that
some conservative think tanks, corporations and business groups have engaged in deliberate denial of the science of
climate change since the 1990s.[6] [7] [14] [17] [18] [19] [20] On the other hand, some commentators have criticized the
phrase as an attempt to delegitimize skeptical views and portray them as immoral.[21] [22] [23]

Meanings of the term
The August 2007 Newsweek cover story "The Truth About Denial" reported that "this well-coordinated, well-funded
campaign by contrarian scientists, free-market think tanks, and industry has created a paralyzing fog of doubt around
climate change."[8] "As soon as the scientific community began to come together on the science of climate change,
the pushback began," according to University of California, San Diego historian Naomi Oreskes.[8] The article went
on to say that individual companies and industry associations—representing petroleum, steel, autos and utilities,
among others—formed lobbying groups to enlist greenhouse doubters to "reposition global warming as theory rather
than fact," and to sow doubt about climate research just as cigarette makers had about smoking research.[8]

Newsweek subsequently published a piece by Robert J. Samuelson, who called the article "a vast oversimplification
of a messy story" and "fundamentally misleading" because although global warming had already occurred, we "lack
the technology" to unwind it, and the best we can hope to do is cut emissions. He argues that "journalists should
resist the temptation to portray global warming as a morality tale... in which anyone who questions its gravity or
proposed solutions may be ridiculed".[22]

Journalists and newspaper columnists including George Monbiot[10] and Ellen Goodman,[11] among others,[12] [13] 

have described climate change denial as a form of denialism.[8] [9] Several commentators, including Monbiot and 
Goodman, have also compared climate change denial with Holocaust denial,[11] [12] [13] [24] though others, such as 
conservative radio talk show host Dennis Prager, have decried those comparisons as inappropriate and trivializing 
Holocaust denial.[23] [25] Institute of Economic Affairs member Richard D. North notes that outright denial by 
climate scientists of the major points of scientific consensus is rare, though scientists are known to dispute certain
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points. He says, "It is deeply pejorative to call someone a 'climate change denier'. This is because it is a phrase
designedly reminiscent of the idea of Holocaust Denial ...". He acknowledges that "there are many varieties of
climate change denial", but says that "[s]ome people labeled as 'deniers', aren't."[26] Peter Christoff also emphasizes
the distinction between scepticism and denial, he says "Climate change deniers should be distinguished from climate
sceptics. Scepticism is essential to good science."[12]

The environmentalist writer and activist George Monbiot stated in his Guardian opinion column that he reserves the
term for those who attempt to undermine scientific opinion on climate change due to financial interests. Monbiot
often refers to a "denial industry." However, he and other writers have described others as climate change "deniers,"
including politicians and writers not claimed to be funded by industry groups.[3] [4] [5] [15] [27] [28] [29]

Mark Hoofnagle defines denialism as the employment of rhetorical arguments to give the appearance of legitimate
debate where there is none, an approach that has the ultimate goal of rejecting a proposition on which a scientific
consensus exists.[2] [30] In recent years the term has been associated with a series of views challenging the scientific
consensus on issues including the health effects of smoking and the relationship between HIV and AIDS, along with
climate change.

History
In Requiem for a Species: Why We Resist the Truth about Climate Change, Clive Hamilton describes a campaign to
attack the science relating to climate change, originating with the astroturfing campaigns initiated by the tobacco
industry in the 1990s. He documents the establishment of the Advancement of Sound Science Coalition (TASSC) as
a 'fake front group' set up 'to link concerns about passive smoking with a range of other popular anxieties, including
global warming'. The public relations strategy was to cast doubt on the science, characterizing it as junk science, and
therefore to turn public opinion against any calls for government intervention based on the science.[17]

As one tobacco company memo noted: "Doubt is our product since it is the best means of competing with the
"body of fact" that exists in the mind of the general public. It is also the means of establishing a
controversy."[31] As the 1990s progressed ... TASSC began receiving donations from Exxon (among other oil
companies) and its "junk science" website began to carry material attacking climate change science.
—Clive Hamilton, Requiem for a Species: Why We Resist the Truth about Climate Change

Naomi Oreskes, co-author of Merchants of Doubt: How a Handful of Scientists Obscured the Truth on Issues from
Tobacco Smoke to Global Warming,[14] describes how a small group of retired cold-war nuclear physicists, who
through their weapons work had become well-connected, well-known and influential people, promoted the idea of
'doubt' in several areas of US public debate. According to Oreskes, they did this, "not for money, but in defense of an
ideology of laissez-faire governance and opposition to government regulation". In 1984, Robert Jastrow, Frederick
Seitz and William Nierenberg were instrumental in founding the George C. Marshall Institute, initially to defend
Ronald Reagan's Strategic Defense Initiative (SDI) against other scientists' boycott of it. Oreskes said that this first
campaign of the Institute's, from 1984 to 1989, involved demanding equal air-time in the media when mainstream
physicists and engineers were critical of the SDI, and producing militarily alarmist material such as the article
America has five years left, published in 1987 by Jastrow in the National Review. At the same time, Seitz was
employed as a consultant to R. J. Reynolds Tobacco Company. His principal strategy on their behalf, said Oreskes,
was to defend their products by doubt-mongering, by insisting that the science was unsettled and therefore that it was
always premature for the US government to act to control tobacco use.[32]

After the Cold War ended, they continued through the Marshall Institute to campaign against environmental issues 
from acid rain, the ozone hole, second-hand smoke and the dangers of DDT on to a campaign against global 
warming. In each case their argument was the same: simply that the science was too uncertain to justify any 
government intervention in the market place. It is only recently, Oreskes said, that historians such as her have been 
able to 'join the dots': Individual environmental scientists, finding opposition to their warnings about ozone layer 
depletion or DDT residues, were at the time unaware that the same institute was using the same arguments at the
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same time against other scientists who were warning about the dangers of smoking, of second-hand smoke, and
about climate change itself.[32] [33]

Private sector
In one of the first attempts by industry to influence public opinion on climate change,[34] a 1998 proposal (later
posted online by Greenpeace)[35] was circulated among U.S. opponents of a treaty to fight global warming, including
both industry and conservative political groups, in an effort to influence public perception of the extent of the
problem. Written by a public relations specialist for the American Petroleum Institute and then leaked to The New
York Times, the memo described, in the article's words, a plan "to recruit a cadre of scientists who share the
industry's views of climate science and to train them in public relations so they can help convince journalists,
politicians and the public that the risk of global warming is too uncertain to justify controls on greenhouse gases."
Cushman quoted the document as proposing a US$ 5,000,000 multi-point strategy to "maximize the impact of
scientific views consistent with ours on Congress, the media and other key audiences," with a goal of "raising
questions about and undercutting the 'prevailing scientific wisdom.'"[36]

The Guardian reported that after the IPCC released its February 2007 report, the American Enterprise Institute
offered British, American, and other scientists $10,000, plus travel expenses, to publish articles critical of the
assessment. The institute, which had received more than $US 1.6 million from Exxon and whose vice-chairman of
trustees is Lee Raymond, former head of Exxon, sent letters that, The Guardian said, "attack the UN's panel as
'resistant to reasonable criticism and dissent and prone to summary conclusions that are poorly supported by the
analytical work' and ask for essays that 'thoughtfully explore the limitations of climate model outputs'." More than 20
AEI employees worked as consultants to the George W. Bush administration.[37] Despite her initial conviction that
with "the overwhelming science out there, the deniers' days were numbered," Democratic Senator Barbara Boxer
said that when she learned of the AEI's offer, "I realized there was a movement behind this that just wasn't giving
up."[8]

The Royal Society conducted a survey that found ExxonMobil had given US$ 2.9 million to American groups that
"misinformed the public about climate change," 39 of which "misrepresented the science of climate change by
outright denial of the evidence".[4] [38] In 2006, the Royal Society issued a demand that ExxonMobil withdraw
funding for climate change denial. The letter, which was leaked to the media, drew criticism, notably from Timothy
Ball and others, who argued the society attempted to "politicize the private funding of science and to censor
scientific debate."[39]

ExxonMobil has denied the accusations that it has been trying to mislead the public about global warming. A
spokesman, Gantt Walton, has stated that ExxonMobil's funding of research does not mean that it acts to influence
the research, and that ExxonMobil supports taking action to curb the output of greenhouse gasses. Gannt stated, "The
recycling of this type of discredited conspiracy theory diverts attention from the real challenge at hand: how to
provide the energy needed to improve global living standards while also reducing greenhouse gas emissions." [40]
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Public sector
In 1994, according to a leaked memo, the Republican strategist Frank Luntz advised members of the Republican
Party, with regard to climate change, that "you need to continue to make the lack of scientific certainty a primary
issue" and "challenge the science" by "recruiting experts who are sympathetic to your view."[8] In 2006, Luntz stated
that he still believes "back [in] '97, '98, the science was uncertain", but he now agrees with the scientific
consensus.[41]

In 2005, the New York Times reported that Philip Cooney, former lobbyist and "climate team leader" at the American
Petroleum Institute and President George W. Bush's chief of staff of the Council on Environmental Quality, had
"repeatedly edited government climate reports in ways that play down links between such emissions and global
warming, according to internal documents."[42] Sharon Begley reported in Newsweek that Cooney "edited a 2002
report on climate science by sprinkling it with phrases such as 'lack of understanding' and 'considerable uncertainty.'"
Cooney reportedly removed an entire section on climate in one report, whereupon an oil lobbyist sent him a fax
saying "You are doing a great job."[8] Cooney announced his resignation two days after the story of his tampering
with scientific reports broke,[43] but a few days later it was announced that Cooney would take up a position with
ExxonMobil.[44]

Connections to the tobacco lobby
Several journalists have argued that efforts to downplay the significance of climate change resemble the campaign
by tobacco lobbyists, after being confronted with new data linking cigarettes to cancer, to shift public perception of
the discoveries toward that of a myth, unwarranted claim, or exaggeration rather than mainstream scientific theory.
In 2006, The Guardian discussed similarities in the methods of groups funded by Exxon, and those of the tobacco
giant Philip Morris, including direct attacks on peer-reviewed science, and attempts to create public controversy and
doubt.[10]

Former National Academy of Sciences president Dr. Frederick Seitz, who, according to an article by Mark
Hertsgaard in Vanity Fair, earned about US$585,000 in the 1970s and 1980s as a consultant to R.J. Reynolds
Tobacco Company,[45] went on to chair groups such as the Science and Environmental Policy Project and the George
C. Marshall Institute alleged to have made efforts to "downplay" global warming. Seitz stated in the 1980s that
"Global warming is far more a matter of politics than of climate." Seitz authored the Oregon Petition, a document
published jointly by the Marshall Institute and Oregon Institute of Science and Medicine in opposition to the Kyoto
protocol. The petition and accompanying "Research Review of Global Warming Evidence" claimed:

The proposed limits on greenhouse gases would harm the environment, hinder the advance of science
and technology, and damage the health and welfare of mankind. There is no convincing scientific
evidence that human release of carbon dioxide, methane, or other greenhouse gases is causing or will, in
the foreseeable future, cause catastrophic heating of the Earth's atmosphere and disruption of the Earth's
climate. ... We are living in an increasingly lush environment of plants and animals as a result of the
carbon dioxide increase. Our children will enjoy an Earth with far more plant and animal life than that
with which we now are blessed. This is a wonderful and unexpected gift from the Industrial
Revolution.[10]

George Monbiot wrote in the Guardian that this petition, which he criticizes as misleading and tied to industry
funding, "has been cited by almost every journalist who claims that climate change is a myth." Monbiot has written
about another group founded by the tobacco lobby, The Advancement of Sound Science Coalition (TASSC), that
now campaigns against measures to combat global warming. In again trying to manufacture the appearance of a
grass-roots movement against "unfounded fear" and "over-regulation," Monbiot states that TASSC "has done more
damage to the campaign to halt [climate change] than any other body."[10]
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Kivalina v. ExxonMobil
On February 26, 2008, attorneys for the Native American Rights Fund and the Center on Race, Poverty & the
Environment brought suit against ExxonMobil Corporation and two dozen other members of the energy lobby,
including BP, Chevron, ConocoPhillips, and Royal Dutch Shell.[29] The complaint sought to recover damages for the
destruction of Kivalina, Alaska, a village which "is being forced to relocate because of flooding caused by the
changing Arctic climate."[46] Kivalina v. ExxonMobil was reported to be the first climate-change lawsuit with "a
discretely identifiable victim."[47] The U.S. Army Corps of Engineers determined in 2006 that Kivalina residents
would be forced to relocate, at a minimum cost of US$95m, as soon as 2016.[48] According to Stephan Faris, a writer
for The Atlantic, the Kivalina suit accuses ExxonMobil et al. of

"... conspiring to cover up the threat of man-made climate change, in much the same way the tobacco
industry tried to conceal the risks of smoking — by using a series of think tanks and other organizations
to falsely sow public doubt in an emerging scientific consensus."[48]

The suit was dismissed by the United States district court for the Northern District of California on September 30,
2009,[49] on grounds that "the law suit raised non-justiciable political questions and that the plaintiffs did not have
standing, because their harm was not fairly traceable to the defendants’ conduct." [50] An appeal was filed with the
Ninth Circuit Court of Appeals in November 2009.[51]

Effect of climate change denial
Some journalists attribute the government inaction to the effects of climate change denial. However, a recent Angus
Reid poll indicates that global warming skepticism in the United States, Canada, and the United Kingdom has been
rising, apparently continuing a trend that has progressed for "months, even years"[52] There may be multiple causes
of this trend, including a focus on economic rather than environmental issues, and a negative perception of the "role
the United Nations has played in promoting the global warming issue."[53] Another cause may be weariness from
overexposure to the topic: secondary polls suggest that "many people were turned off by extremists on both
sides,"[52] while others show 54% of U.S. voters believe that "the news media make global warming appear worse
than it really is."[54] A poll in 2009 regarding the issue of whether "some scientists have falsified research data to
support their own theories and beliefs about global warming" showed that 59% of Americans believed it "at least
somewhat likely", of which 35% believed it is "very likely".[53]

According to former U.S. senator Tim Wirth, the denial effort has affected both public perception and leadership in
the United States. "They patterned what they did after the tobacco industry. [...] Both figured, sow enough doubt, call
the science uncertain and in dispute. That's had a huge impact on both the public and Congress."[55] Newsweek
reports that whereas "majorities in Europe and Japan recognize a broad consensus among climate experts that
greenhouse gases —mostly from the burning of coal, oil and natural gas to power the world's economies— are
altering climate," as recently as 2006 only one third of Americans considered human activity to play a major role in
climate change; 64% believed that scientists disagreed about it "a lot." A 2007 Newsweek poll found these numbers
were declining, although majorities of Americans still believed neither that scientists agree climate change is taking
place, nor that scientists agree climate change is caused by human activity, nor that climate change has yet had
noticeable effect.[55] Citing the following remarks in Science by physicist and U.S. Representative Rush Holt, the
Newsweek report attributes American policymakers' failure to regulate greenhouse gas emissions to consistent
undermining of science by the "denial machine":

"...for more than two decades scientists have been issuing warnings that the release of greenhouse gases, 
principally carbon dioxide (CO2), is probably altering Earth's climate in ways that will be expensive and even 
deadly. The American public yawned and bought bigger cars. Statements by the American Association for the 
Advancement of Science, American Geophysical Union, American Meteorological Society, Intergovernmental 
Panel on Climate Change, and others underscored the warnings and called for new government policies to deal
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with climate change. Politicians, presented with noisy statistics, shrugged, said there is too much doubt among
scientists, and did nothing."[56]
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Politics of global warming

UK campaign group Camp for Climate Action at
Drax coal power station, 2006

The politics of global warming have involved corporate lobbying,
funding of special interest groups and public relations campaigns by
the oil and coal industries [1] which have affected policy decisions and
legislation worldwide. In turn this has caused political debate over the
science of and response to global warming.

Political sphere

• UNFCCC
• European Union's European Climate Change Programme
• Developing countries
• 31st G8 summit

Political alignment and global warming

In most English-speaking countries, support for action to mitigate global warming, such as ratification and
implementation of the Kyoto Protocol is strong on the political left.

However, the first politician putting Global Warming on the political agenda was Richard Nixon 1969[2] . Nixon
wanted environmental topics (as acid rain and greenhouse effect) to be treated by a third and civil pillar of NATO.
The reaction of the NATO allies was lukewarm but the initiative gained impact in the civil field.[2]

In the 1980s, Margaret Thatcher was instrumental in increasing the United Kingdom's electricity generation from
North Sea gas and reducing generation from coal.[3]

In Germany Angela Merkel, then secretary of the environment during the conservative Helmut Kohl government,
lead the German Kyoto Delegation and had a substantial role in making the Kyoto agreement possible.[4]

In December 2007, Kevin Rudd's first act as prime minister of Australia was to ratify the Kyoto Protocol in time for
the Kyoto Protocol talks in Bali.[5]

In Canada, the Liberal Party government ratified Kyoto.
In New Zealand, the Labour government of Helen Clark ratified Kyoto.
In the United Kingdom, the Labour Party ratified Kyoto
In the United States, Bill Clinton's Administration signed Kyoto and Democrats have proposed and supported a
number of bills to mitigate emissions. Although Kyoto is signed, subsequent sessions of Congress failed to ratify the
treaty and thus the United States is not bound to it. US diplomats have conceded the treaty will never be ratified.
"We are not going to ratify the Kyoto Protocol. That is out," said US climate negotiator Jonathan Pershing at the
2009 Bangkok Climate Change Talks.[6] Barack Obama supported passage of the American Clean Energy and
Security Act to establish a United States Carbon Cap and Trade Program; while the bill was approved in the House
of Representatives, it was not taken up in the Senate.
In some countries the political right are fighting on a platform of taking tough action against global warming,[7]

while in others the political right either dispute the scientific consensus on global warming or oppose action to
mitigate global warming, instead favoring adaption. All European countries have ratified the Kyoto Protocol, and all
have supported strong reductions in greenhouse gas emissions.
In the United States, a February 2007 survey found that 95% of the 41 Congressional Democrats surveyed agreed
"it's been proven beyond a reasonable doubt that the Earth is warming because of man-made problems" while only
13% of the 31 Republicans surveyed agreed.[8]
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Global warming skepticism has been promoted by newspapers associated with the right such as The Australian, the
Daily Telegraph in the United Kingdom and the National Post in Canada.[9]

Asia and Oceania
• Australia officially ratified the Kyoto Protocol, after the new Labor government came into power on December 3,

2007.[5] The previous Coalition government had long objected to ratifying the treaty, arguing it would unduly
impact on Australian jobs, especially when countries such as China, India and the U.S. were not party to it.

• Japan is preparing to force industry to make big cuts in greenhouse gases, taking the lead in a country struggling
to meet its Kyoto Protocol obligations.[10]

Canada
• Canada's Liberal Government during the 1990s had agreed to Kyoto but oversaw the increase of greenhouse gas

emissions during their terms in office and did little to meet Kyoto's targets. Canada's current Conservative
Government has claimed that, due to increased emissions since 1990, it is realistically impossible to meet their
Kyoto targets and attempting to do so would be disastrous for the Canadian economy. Current Prime Minister
Stephen Harper has come under fire for being adamant in leaving Kyoto and working on a different climate plan.
Consequently, this issue has become something of an Achilles Heel for the Government in recent months. The
current Liberal Party has been quick in their condemnation of the Government but has also been accused of using
Global Warming for political purposes as seen in the naming of leader Stéphane Dion's dog 'Kyoto'.

Europe
• Russia signed the Kyoto Protocol in November 2004, after a deal with the European Union over WTO

membership. Russia's ratification completed the requirements of the treaty to come into force, based on nations
totaling 55% of world greenhouse gas emissions.

• The UK government-commissioned Stern Review into the economic effects of climate change was published in
October 2006. Tony Blair's assessment was that it showed that scientific evidence of global warming was
"overwhelming" and its consequences "disastrous". He added, "We can't wait the five years it took to negotiate
Kyoto — we simply don't have the time. We accept we have to go further [than Kyoto]."[11]

• Britain's government launched an official calculator in the week of June 18, 2007 that enables every person in the
country to work out how much carbon dioxide they produce and how to cut it.[12] Tory group sets out plans for
Green Revolution.[13]

• In the UK campaign group Camp for Climate Action aims to keep climate change on the political agenda, using
direct action against major carbon emitters.

United States
The politics of global warming is played out at a state and federal level in the United States. Attempts to draw up
climate change policy are being made at a state level to a greater extent than at a federal level.

Vatican
Pope Benedict XVI told up to half a million people, over a hillside near the Adriatic city of Loreto on the day
Catholic Church marks its annual Save Creation Day, that world leaders must make courageous decisions to save the
planet "before it is too late".[14]
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Positions of the energy industries
One of the biggest opponents of action on global warming has been the fossil fuels energy industry, and particularly
the oil industry, such as ExxonMobil, which regularly publishes papers minimizing the threat of global warming. In
1998, the company started providing financial support to organizations and individuals who disagreed with the
scientific consensus that human activities were contributing to climate change. One of the groups that received funds
from the company was the Competitive Enterprise Institute. ExxonMobil also helped create the "Global Climate
Science Team" whose members were active climate contrarians. According to a study by the Union of Concerned
Scientists, between 1998 and 2005, ExxonMobil dispersed roughly $16 million to organizations that were
challenging the scientific consensus view.[15] After heavy criticism from the press and environmental groups in late
2006 and early 2007, ExxonMobil began distancing itself from these organizations.[16] [17]

In 2005, the oil giant opposed a shareholders' resolution to explain the science behind its denial of global warming.
In recent years, other companies have increasingly come to accept global warming theory; for example, the
Chairman of BP, John Browne, declared a need for action in 2002. Lord Oxburgh, non-executive chairman of Shell,
said in a speech at the 2005 Hay-on-Wye Festival: "We have 45 years, and if we start now, not in 10 or 15 years'
time, we have a chance of hitting those targets. But we've got to start now. We have no time to lose."[18]

One sector of the energy industry that has no problem with the greenhouse gas arguments is the nuclear industry.
Margret Thatcher was one of the first major political figures to suggest that the nuclear power was a "green"
solution. This was largely regarded with derision at the time but it is the ultimate goal of Tony Blair's solution to
tomorrow's energy needs and probably explains his enthusiasm for CO2 emission controls.
Indeed as many countries move towards legally binding engagements to Kyoto targets, including fines for failing to
achieve them, many governments may find this a convenient excuse for otherwise unpopular expansions of their
nuclear programs.
As pointed out on Counter Punch[19] the nuclear power industry is not slow to present itself as the "green" solution:

only realistic way to reduce greenhouse gas emissions to 1990 levels in the next ten years is to bring on-line at
least an additional 50 reactors. "Nuclear energy has been the largest single contributor to reduced air pollution
in the world over the past 20 years", the NEI's Kyoto global warming book boasts.

Nuclear power produces fewer CO2 emissions than fossil fuel plants; the exact level remains somewhat
controversial; Greenpeace assert that nuclear power produces about one third of the CO2 emissions as equivalent
fossil fuels energy over the lifetime of an installation.[20]

Environmental groups
Thousands of protesters marched on the international day of action on December 3, 2005, which coincided with the
first meeting of the Parties in Montreal. The planned demonstrations were endorsed by the Assembly of Movements
of the World Social Forum.
Christian environmental groups are also increasingly active on climate change, such as The Evangelical Climate
Initiative.
US Catholic Bishops also have recognized the urgency of addressing global warming in a 2001 statement from the
US Congress of Catholic Bishops Global Climate Change: A Plea for Dialogue, Prudence, and the Common Good
[21]

In New Zealand, the Climaction Coalition has blockaded the main thoroughfares of Auckland City on two occasions,
calling for Free and Frequent Public Transport to reduce the city's dependency on cars. They argue that such a
measure would also help reduce global warming if repeated in other cities throughout the world. [22]
Greenpeace considers global warming to be the greatest environmental problem facing the Earth.[23] Greenpeace was 
one of the first parties to formulate a sustainable development scenario for climate change mitigation in 1993.[24]
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According to sociologists Marc Mormont and Christine Dasnoy Greenpeace played a significant role in raising
public awareness of global warming in the 1990s.[25]

Academia
There are a large number of academic contributions specifically to the politics of global warming. The following are
a small subset of these works:
• G8 science academies' statements [26]

• Monograph by Dessler and Parson entitled The Science and Politics of Global Climate Change: a Guide to the
Debate, emphasizing the complexity of the issue.

• Nobel Prize winner Elinor Ostrom cautions against using single governmental units at the global level to
coordinate work against global warming. Partly, this is due to the complexity of such top-level negotiations, and
partly it is due to the diversity of actors that would have to be involved. Her proposal is that of a polycentric
approach, where key management decisions should be made as close to the scene of events and the actors
involved as possible.[27]

Media
The politics of global warming was raised to a considerably higher profile when former Vice President Al Gore was
given an Academy Award for his documentary film, An Inconvenient Truth. Gore has made a considerable number
of public appearances to promote the film and the subject-matter within it.
Other major media treatments of the politics of global warming:
• The 11th Hour
• The Day After Tomorrow
• Are We Changing Planet Earth?

http://en.wikipedia.org/w/index.php?title=G8
http://en.wikipedia.org/w/index.php?title=Andrew_Dessler
http://en.wikipedia.org/w/index.php?title=Nobel_Prize
http://en.wikipedia.org/w/index.php?title=Elinor_Ostrom
http://en.wikipedia.org/w/index.php?title=Al_Gore
http://en.wikipedia.org/w/index.php?title=Academy_Award
http://en.wikipedia.org/w/index.php?title=An_Inconvenient_Truth
http://en.wikipedia.org/w/index.php?title=The_11th_Hour_%28film%29
http://en.wikipedia.org/w/index.php?title=The_Day_After_Tomorrow
http://en.wikipedia.org/w/index.php?title=Are_We_Changing_Planet_Earth%3F


Politics of global warming 250

Timeline

This article is waiting for chronology/history sources
evaluation

WP Timeline Tracer

Daniel Patrick Moynihan, Pioneer of the political
treatment of the Greenhouse Effect

• 1969, on Initiative of US President Richard Nixon, NATO tried to
establish a third civil column and planned to establish itself as a hub
of research and initiatives in the civil region, especially on
environmental topics.[2] Daniel Patrick Moynihan, Nixons NATO
delegate for the topic[2] named Acid Rain and the Greenhouse effect
as suitable international challenges to be dealt by NATO. NATO
had suitable expertise in the field, experience with international
research coordination and a direct access to governments.[2] After
an enthusiastic start on authority level, the German government
reacted sceptical.[2] The initiative was seen as an American
attempt[2] to regain international terrain after the lost Vietnam War.
The topics and the internal coordination and preparation effort
however gained momentum in civil conferences and institutions in
Germany and beyond during the Brandt government.[2]

• 1972 United Nations Conference on the Human Environment,[2]

leading role of Nobel Prize winner Willy Brandt and Olof Palme,[28]

Germany saw enhanced international research cooperation on the
Greenhouse topic as necessary[2]

• 1978 Brandt Report, the greenhouse effect dealt with in the energy section[29]

• 1979: First World Climate Conference [30]

• 1987: Brundtland Report[29]

• 1987: Montreal Protocol on restricting ozone layer-damaging CFCs demonstrates the possibility of coordinated
international action on global environmental issues

• 1988: Intergovernmental Panel on Climate Change set up to coordinate scientific research, by two United Nations
organizations, the World Meteorological Organization and the United Nations Environment Programme (UNEP)
to assess the "risk of human-induced climate change".

• 1992: United Nations Framework Convention on Climate Change agreed at the Earth Summit in Rio de Janeiro,
entering into force 21 March 1994

• 1996: European Union adopts target of a maximum 2°C rise in average global temperature
• 25 June 1997: U.S. Senate passes Byrd–Hagel Resolution rejecting Kyoto without more commitments from

developing countries [31]

• 1997: Kyoto Protocol agreed
• 2001: George W. Bush withdraws from the Kyoto negotiations
• 16 February 2005: Kyoto Protocol comes into force (not including the US or Australia)
• 2005: first carbon emissions trading scheme (EU) implemented
• July 2005: 31st G8 summit has climate change on the agenda, but makes relatively little concrete progress
• November/December 2005: United Nations Climate Change Conference; the first meeting of the Parties of the

Kyoto Protocol, alongside the 11th Conference of the Parties (COP11), to plan further measures for 2008–2012
and beyond.

• July 19, 2006: In California, Gov. Schwarzenegger proposed forming the Climate Action Board, a new, 
centralized authority under his direct control that would be responsible for implementing one of the nation's most

http://en.wikipedia.org/w/index.php?title=File:WPTracer1.jpg
http://en.wikipedia.org/w/index.php?title=Chronology
http://en.wikipedia.org/w/index.php?title=Wikipedia:WikiProject_Timeline_Tracer
http://en.wikipedia.org/w/index.php?title=File:WPtimetracer.png
http://en.wikipedia.org/w/index.php?title=Daniel_Patrick_Moynihan
http://en.wikipedia.org/w/index.php?title=File:DanielPatrickMoynihan.jpg
http://en.wikipedia.org/w/index.php?title=Richard_Nixon
http://en.wikipedia.org/w/index.php?title=NATO
http://en.wikipedia.org/w/index.php?title=Daniel_Patrick_Moynihan
http://en.wikipedia.org/w/index.php?title=Acid_Rain
http://en.wikipedia.org/w/index.php?title=United_Nations_Conference_on_the_Human_Environment
http://en.wikipedia.org/w/index.php?title=Willy_Brandt
http://en.wikipedia.org/w/index.php?title=Olof_Palme
http://en.wikipedia.org/w/index.php?title=Brandt_Report
http://en.wikipedia.org/w/index.php?title=World_Climate_Conference
http://en.wikipedia.org/w/index.php?title=Brundtland_Report
http://en.wikipedia.org/w/index.php?title=Montreal_Protocol
http://en.wikipedia.org/w/index.php?title=Ozone_layer
http://en.wikipedia.org/w/index.php?title=CFC
http://en.wikipedia.org/w/index.php?title=Intergovernmental_Panel_on_Climate_Change
http://en.wikipedia.org/w/index.php?title=World_Meteorological_Organization
http://en.wikipedia.org/w/index.php?title=United_Nations_Environment_Programme
http://en.wikipedia.org/w/index.php?title=United_Nations_Framework_Convention_on_Climate_Change
http://en.wikipedia.org/w/index.php?title=Earth_Summit
http://en.wikipedia.org/w/index.php?title=Rio_de_Janeiro
http://en.wikipedia.org/w/index.php?title=European_Union
http://en.wikipedia.org/w/index.php?title=U.S._Senate
http://en.wikipedia.org/w/index.php?title=Byrd%E2%80%93Hagel_Resolution
http://en.wikipedia.org/w/index.php?title=George_W._Bush
http://en.wikipedia.org/w/index.php?title=31st_G8_summit
http://en.wikipedia.org/w/index.php?title=United_Nations_Climate_Change_Conference
http://en.wikipedia.org/w/index.php?title=California
http://en.wikipedia.org/w/index.php?title=Gov._Schwarzenegger


Politics of global warming 251

far-reaching initiatives to curb global warming. California ranks 12th in the world in terms of carbon dioxide
emissions, however its regulatory actions tend to have far-reaching effects throughout the U.S.[32]

• October 30, 2006: The Stern Review is published. It is the first comprehensive contribution to the global warming
debate by an economist and its conclusions lead to the promise of urgent action by the UK government to further
curb Europe's CO2 emissions and engage other countries to do so. It discusses the consequences of climate
change, mitigation measures to prevent it, possible adaptation measures to deal with its consequences, and
prospects for international cooperation.

• June 26, 2009: U.S. House of Representatives passes the American Clean Energy and Security Act, the "first time
either house of Congress had approved a bill meant to curb the heat-trapping gases scientists have linked to
climate change."[33]
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Economics of global warming
This article describes the economics of global warming and climate change.

Definitions
In this article, the phrase “climate change” is used to describe a change in the climate, measured in terms of its
statistical properties, e.g., the global mean surface temperature.[1] In this context, “climate” is taken to mean the
average weather. Climate can change over period of time ranging from months to thousands or millions of years. The
classical time period is 30 years, as defined by the World Meteorological Organization. The climate change referred
to may be due to natural causes, e.g., changes in the sun's output, or due to human activities, e.g., changing the
composition of the atmosphere.[2] Any human-induced changes in climate will occur against the “background” of
natural climatic variations (see attribution of recent climate change for more information).
In this article, the phrase “global warming” refers to the change in the Earth's global average surface temperature.[3]

Measurements show a global temperature increase of 1.4 °F (0.78 °C) between the years 1900 and 2005. Global
warming is closely associated with a broad spectrum of other climate changes, such as increases in the frequency of
intense rainfall, decreases in snow cover and sea ice, more frequent and intense heat waves, rising sea levels, and
widespread ocean acidification.[4]
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Climate change science
This section describes the science of climate change in relation to economics (Munasinghe et al., 1995:39-41):[5]

• Greenhouse gases:
• These gases have been linked with current climate change and may result in further climate change in the

future (e.g., see US NRC, 2001).[6] Greenhouse gases (GHGs) are stock pollutants, and not flow pollutants.
This means that it is the concentration of GHGs in the atmosphere that is important in determining climate
change impacts, rather than the flow of GHGs into the atmosphere.

• The stocks of different GHGs in the atmosphere depreciate at various rates, e.g., the atmospheric lifetime of
carbon dioxide is over 100 years. If the atmospheric lifetime of the GHG is a year or longer, then the winds
have time to spread the gas throughout the lower atmosphere, and its absorption of terrestrial infrared radiation
occurs at all latitudes and longitudes (US NRC, 2001:10). It is the flows from all the GHG sources of all
nations that contribute to the stock of long-lived GHGs in the atmosphere.

• Inertia: The emissions of GHGs in any one year represent a relatively small fraction of the total global stock,
meaning that the system as a whole has great inertia. If emissions were to be reduced to zero, it would take
decades to centuries for stock levels to decline significantly. The time required for stocks to depreciate depends
on the physical process of GHG removal. The stocks of GHGs with relatively short atmospheric lifetimes, such as
methane, depreciate more quickly than the stocks of GHGs with longer atmospheric lifetimes, e.g., HFCs.

• Impact data: Predictions of the physical impacts of climate change are based on the work of climate scientists.
Only once (or if) further climate change occurs, will the true social and economic impacts of climate change be
known. (Note: The preceding sentence is from 1995. Climate change is acknowledged by mainstream science to
exist, to be continuing and to be highly likely to be largely caused by human activity)

Scenarios
Socioeconomic scenarios are used by analysts to make projections of future GHG emissions and to assess future
vulnerability to climate change (Carter et al., 2001:151).[7] Producing scenarios requires estimates of future
population levels, economic activity, the structure of governance, social values, and patterns of technological change.
Economic and energy modelling (such as via the World3 or the POLES models) can be used to analyse and quantify
the effects of such drivers.
Emissions scenarios

One type of emissions scenario is called a "global future" scenario. These scenarios can be thought of as stories of
possible futures. They allow the description of factors that are difficult to quantify, such as governance, social
structures, and institutions. Morita et al. (2001:137-142) assessed the literature on global futures scenarios.[8] They
found considerable variety among scenarios, ranging from variants of sustainable development, to the collapse of
social, economic, and environmental systems.
No strong patterns were found in the relationship between economic activity and GHG emissions. Economic growth
was found to be compatible with increasing or decreasing GHG emissions. In the latter case, emissions growth is
mediated by increased energy efficiency, shifts to non-fossil energy sources, and/or shifts to a post-industrial
(service-based) economy.
Factors affecting emissions growth

• Development trends: In producing scenarios, an important consideration is how social and economic
development will progress in developing countries (Fisher et al., 2007:176).[9] If, for example, developing
countries were to follow a development pathway similar to the current industrialized countries, it could lead to a
very large increase in emissions.

• GHG emissions and economic growth: Emissions do not only depend on the growth rate of the economy. Other
factors are listed below:
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• Structural changes in the production system.
• Technological patterns in sectors such as energy.
• Geographical distribution of human settlements and urban structures. This affects, for example, transportation

requirements.
• Consumption patterns: e.g., housing patterns, leisure activities, etc.
• Trade patterns: the degree of protectionism and the creation of regional trading blocks can affect availability to

technology.

Trends and projections

Emissions
The Kaya identity expresses the level of energy related CO2 emissions as the product of four indicators (Rogner et
al., 2007, p. 107):[10]

• Carbon intensity. This is the CO2 emissions per unit of total primary energy supply (TPES)
• Energy intensity. This is the TPES per unit of gross domestic product (GDP)
• GDP per capita (GDP/cap)
• Population
GDP/capita and population growth were the main drivers of the increase in global emissions during the last three
decades of the 20th century. At the global scale, declining carbon and energy intensities have been unable to offset
these effects, and consequently, carbon emissions have risen.
• Projections:

• Without additional policies to cut GHG emissions (including efforts to reduce deforestation), they are
projected to increase between 25% and 90% by 2030 relative to their 2000 levels (Rogner et al., 2007:111).
Two thirds to three quarters of the increase in CO2 emissions are projected to come from developing countries,
although the average per capita CO2 emissions in developing country regions will remain substantially lower
than those in developed country regions.

• By 2100, projections range from a 40% reduction to an increase in emissions of 250% above their levels in
2000. Atmospheric concentrations of GHG emissions are unlikely to stabilize this century without major
policy changes.

Concentrations
Rogner et al. (2007:102) reported that the then-current estimated total atmospheric concentration of long-lived
GHGs was around 455 ppm CO2-eq (range: 433-477 ppm CO2-eq). The effects of aerosol and land-use change
changes reduced the physical effect (the radiative forcing) of this to 311 to 435 ppm CO2-eq, with a central estimate
of about 375 ppm CO2-eq.
• SRES Projections: At the time they were developed, the range of global emissions projected across all forty of

the SRES scenarios covered the 5th% to 95th% percentile range of the emission scenarios literature (Morita et al.,
2001:146).[8] The forty SRES scenarios are classified into six groups, with an illustrative scenario for each group.
Under these six illustrative scenarios, the projected concentration of CO2 in the year 2100 ranges from 540 to 970
ppm (IPCC, 2001b:8).[11] Uncertainties over aspects of climate science, such as the GHG removal process of
carbon sinks, mean that the total projected concentration ranges from 490 to 1,260 ppm. This compares to a
pre-industrial (taken as the year 1750) concentration of about 280 ppm, and a concentration of about 368 ppm in
the year 2000.
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Cost-benefit analysis
Standard cost-benefit analysis can be applied to the problem of climate change (Goldemberg et al.,
1996:24,31-32).[12] This requires (1) the valuation of costs and benefits using the willingness to pay as a measure of
value, and (2) a criterion for accepting or rejecting proposals:
(1) The valuation of costs and benefits of climate change is difficult because some climate change impacts are
difficult to assign a value to, e.g., ecosystems and human health. It is also impossible to know the preferences of
future generations, which affects the valuation of costs and benefits (DeCanio, 2007:4).[13]

(2) The standard criterion is the compensation principle. According to the compensation principle, so long as those
benefitting from a particular project compensate the losers, and there is still something left over, then the result is an
unambiguous gain in welfare. If there are no mechanisms allowing compensation to be paid, then it is necessary to
assign weights to particular individuals.
One of the mechanisms for compensation is impossible for this problem: mitigation might benefit future generations
at the expense of current generations, but there is no way that future generations can compensate current generations
for the costs of mitigation (DeCanio, 2007:4). On the other hand, should future generations bear most of the costs of
climate change, compensation to them would not be possible (Goldemberg et al., 1996:32). Another transfer for
compensation exists between regions and populations. If, for example, some countries were to benefit from future
climate change but others lose out, there is no guarantee that the winners would compensate the losers.
Risk

In a cost-benefit analysis, an acceptable risk means that the benefits of a climate policy outweigh the costs of the
policy (Halsnæs et al., 2007).[14] The standard rule used by public and private decision makers is that a risk will be
acceptable if the expected net present value is positive. The expected value is the mean of the distribution of
expected outcomes (Goldemberg et al., 1996, p. 25).[12] In other words, it is the average expected outcome for a
particular decision. This criterion has been justified on the basis that:
• a policy's benefits and costs have known probabilities
• economic agents (people and organizations) can diversify their own risk through insurance and other markets.
On the first point, probabilities for climate change are difficult to calculate. Also, some impacts, such as those on
human health and biodiversity, are difficult to value. On the second point, it has been suggested that insurance could
be bought against climate change risks. In practice, however, there are difficulties in implementing the necessary
policies to diversify climate change risks.

Risk
One of the ways of assessing climate change policy is through risk management (Fisher et al., 2007;[15] Yohe,
2010).[16] The approach considers the problem as one where decisions are improved on a continual basis. This is
called the "act-learn-act" approach (Arrow et al., 1996, p. 67).[17] For instance, actions in the "act" stage might
include decisions over investments in adaptation, mitigation, and research to reduce uncertainties. In the "learn"
stage, the efficiency of these investments is then evaluated.
CCSP (2009, p. 59) suggested two related decision-making management strategies that might be particularly
appealing when faced with high uncertainty.[18] The first were resilient strategies. This seeks to identify a range of
possible future circumstances, and then choose approaches that work reasonably well across all the range. The
second were adaptive strategies. The idea here is to choose strategies that can be improved as more is learned as the
future progresses. CCSP (2009) contrasted these two approaches with the cost-benefit approach, which seeks to find
an optimal strategy.
An example of a strategy that is based on risk is portfolio theory. This suggests that a reasonable response to 
uncertainty is to have a wide portfolio of possible responses. In the case of climate change, mitigation can be viewed
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as an effort to reduce the chance of climate change impacts (Goldemberg et al., 1996, p. 24).[12] Adaptation acts as
insurance against the chance that unfavourable impacts occur. The risk associated with these impacts can also be
spread. As part of a policy portfolio, climate research can help when making future decisions. Technology research
can help to lower future costs.
Optimal choices and risk aversion

The optimal result of decision analysis depends on what criterion is chosen to define what "optimal" is (Arrow et al.,
1996, pp. 62–63. See also the section on trade offs).[17] In a decision analysis based on cost-benefit analysis, the
optimal policy is evaluated in economic terms. The optimal result of cost-benefit analysis maximizes net benefits.
Another type of decision analysis is cost-effectiveness analysis. This is similar to cost-benefit analysis, except that
the assessed benefit, or policy target, is set outside of the analysis.
The actual choice of a criterion for deciding the optimal result of decision analysis is a subjective decision. The
choice of criterion is made outside of the analysis. One of the influences on this choice on this is attitude to risk. Risk
aversion describes how willing or unwilling someone is to take risks. Evidence indicates that most, but not all,
individuals prefer certain outcomes to uncertain ones. Risk-averse individuals prefer decision criteria that reduce the
chance of the worst possible outcome, while risk-seeking individuals prefer decision criteria that maximize the
chance of the best possible outcome. In terms of returns on investment, if society as a whole is risk-averse, we might
be willing to accept some investments with negative expected returns, e.g., in mitigation (Goldemberg et al., 1996,
p. 24).[12] Such investments may help to reduce the possibility of future climate damages or the costs of adaptation.

International insurance
Traditional insurance works by transferring risk to those better able or more willing to bear risk, and also by the
pooling of risk (Goldemberg et al., 1996, p. 25).[12] Since the risks of climate change are, to some extent, correlated,
this reduces the effectiveness of pooling. However, there is reason to believe that different regions will be affected
differently by climate change. This suggests that pooling might be effective. Since developing countries appear to be
potentially most at risk from the effects of climate change, developed countries could provide insurance against these
risks.
Authors have pointed to several reasons why commercial insurance markets cannot adequately cover risks associated
with climate change (Arrow et al., 1996, p. 72).[17] For example, there is no international market where individuals
or countries can insure themselves against losses from climate change or related climate change policies.
Financial markets for risk

There are several options for how insurance could be used in responding to climate change (Arrow et al., 1996,
p. 72).[17] One response could be to have binding agreements between countries. Countries suffering
greater-than-average climate-related losses would be assisted by those suffering less-than-average losses. This would
be a type of mutual insurance contract. Another approach would be to trade "risk securities" among countries. These
securities would amount to betting on particular climate outcomes.
These two approaches would allow for a more efficient distribution of climate change risks. They would also allow
for different beliefs over future climate outcomes. For example, it has been suggested that these markets might
provide an objective test of the honesty of a particular country's beliefs over climate change. Countries that honestly
believe that climate change presents little risk would be more prone to hold securities against these risks.
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Impacts
Distribution of impacts

Climate change impacts can be measured as an economic cost (Smith et al., 2001:936-941).[19] This is particularly
well-suited to market impacts, that is impacts that are linked to market transactions and directly affect GDP.
Monetary measures of non-market impacts, e.g., impacts on human health and ecosystems, are more difficult to
calculate. Other difficulties with impact estimates are listed below:
• Knowledge gaps: Calculating distributional impacts requires detailed geographical knowledge, but these are a

major source of uncertainty in climate models.
• Vulnerability: Compared with developing countries, there is a limited understanding of the potential market

sector impacts of climate change in developing countries.
• Adaptation: The future level of adaptive capacity in human and natural systems to climate change will affect

how society will be impacted by climate change. Assessments may under- or overestimate adaptive capacity,
leading to under- or overestimates of positive or negative impacts.

• Socioeconomic trends: Future predictions of development affect estimates of future climate change impacts, and
in some instances, different estimates of development trends lead to a reversal from a predicted positive, to a
predicted negative, impact (and vice versa).

In a literature assessment, Smith et al. (2001:957-958) concluded, with medium confidence, that:
• climate change would increase income inequalities between and within countries.
• a small increase in global mean temperature (up to 2 °C by 2100, measured against 1990 levels) would result in

net negative market sector impacts in many developing countries and net positive market sector impacts in many
developed countries.

With high confidence, it was predicted that with a medium (2-3 °C) to high level of warming (greater than 3 °C),
negative impacts would be exacerbated, and net positive impacts would start to decline and eventually turn negative.
Aggregate impacts

Aggregating impacts adds up the total impact of climate change across sectors and/or regions (IPCC, 2007a:76).[20]

In producing aggregate impacts, there are a number of difficulties, such as predicting the ability of societies to adapt
climate change, and estimating how future economic and social development will progress (Smith et al.,
2001:941).[19] It is also necessary for the researcher to make subjective value judgements over the importance of
impacts occurring in different economic sectors, in different regions, and at different times.
Smith et al. (2001) assessed the literature on the aggregate impacts of climate change. With medium confidence,
they concluded that a small increase in global average temperature (up to 2 °C by 2100, measured against 1990
levels) would result in an aggregate market sector impact of plus or minus a few percent of world GDP. Smith et al.
(2001) found that for a small to medium (2-3 °C) global average temperature increase, some studies predicted small
net positive market impacts. Most studies they assessed predicted net damages beyond a medium temperature
increase, with further damages for greater (more than 3 °C) temperature rises.
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Adaptation and vulnerability
IPCC (2007a) defined adaptation (to climate change) as "[initiatives] and measures to reduce the vulnerability of
natural and human systems against actual or expected climate change effects" (p. 76).[20] Vulnerability (to climate
change) was defined as "the degree to which a system is susceptible to, and unable to cope with, adverse effects of
climate change, including climate variability and extremes" (p. 89).

Autonomous and planned adaptation
Autonomous adaptation are adaptations that are reactive to climatic stimuli, and are done as a matter of course
without the intervention of a public agency. Planned adaptation can be reactive or anticipatory, i.e., undertaken
before impacts are apparent. Some studies suggest that human systems have considerable capacity to adapt
autonomously (Smit et al., 2001:890).[21] Others point to constraints on autonomous adaptation, such as limited
information and access to resources (p. 890). Smit et al. (2001:904) concluded that relying on autonomous
adaptation to climate change would result in substantial ecological, social, and economic costs. In their view, these
costs could largely be avoided with planned adaptation.

Costs and benefits
A literature assessment by Adger et al. (2007:719) concluded that there was a lack of comprehensive, global cost and
benefit estimates for adaptation.[22] Studies were noted that provided cost estimates of adaptation at regional level,
e.g., for sea-level rise. A number of adaptation measures were identified as having high benefit-cost ratios.

Adaptive capacity
Adaptive capacity is the ability of a system to adjust to climate change. Smit et al. (2001:895-897) described the
determinants of adaptive capacity:[21]

• Economic resources: Wealthier nations are better able to bear the costs of adaptation to climate change than
poorer ones.

• Technology: Lack of technology can impede adaptation.
• Information and skills: Information and trained personnel are required to assess and implement successful

adaptation options.
• Social infrastructure
• Institutions: Nations with well-developed social institutions are believed to have greater adaptive capacity than

those with less effective institutions, typically developing nations and economies in transition.
• Equity: Some believe that adaptive capacity is greater where there are government institutions and arrangements

in place that allow equitable access to resources.
Smit et al. (2001) concluded that:
• countries with limited economic resources, low levels of technology, poor information and skills, poor

infrastructure, unstable or weak institutions, and inequitable empowerment and access to resources have little
adaptive capacity and are highly vulnerable to climate change (p. 879).

• developed nations, broadly speaking, have greater adaptive capacity than developing regions or countries in
economic transition (p. 897).
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Enhancing adaptive capacity

Smit et al. (2001:905) concluded that enhanced adaptive capacity would reduce vulnerability to climate change. In
their view, activities that enhance adaptive capacity are essentially equivalent to activities that promote sustainable
development.[21] These activities include (p. 899):
• improving access to resources
• reducing poverty
• lowering inequities of resources and wealth among groups
• improving education and information
• improving infrastructure
• improving institutional capacity and efficiency
Goklany (1995) concluded that promoting free trade - e.g., through the removal of international trade barriers - could
enhance adaptive capacity and contribute to economic growth.[23]

Regions
With high confidence, Smith et al. (2001:957-958) concluded that developing countries would tend to be more
vulnerable to climate change than developed countries.[19] Based on then-current development trends, Smith et al.
(2001:940-941) predicted that few developing countries would have the capacity to efficiently adapt to climate
change.
• Africa: In a literature assessment, Boko et al. (2007:435) concluded, with high confidence, that Africa's major

economic sectors had been vulnerable to observed climate variability.[24] This vulnerability was judged to have
contributed to Africa's weak adaptive capacity, resulting in Africa having high vulnerability to future climate
change. It was thought likely that projected sea-level rise would increase the socio-economic vulnerability of
African coastal cities.

• Asia: Lal et al. (2001:536) reviewed the literature on adaptation and vulnerability. With medium confidence, they
concluded that climate change would result in the degradation of permafrost in boreal Asia, worsening the
vulnerability of climate-dependent sectors, and affecting the region's economy.[25]

• Australia and New Zealand: Hennessy et al. (2007:509) reviewed the literature on adaptation and
vulnerability.[26] With high confidence, they concluded that in Australia and New Zealand, most human systems
had considerable adaptive capacity. With medium confidence, some Indigenous communities were judged to have
low adaptive capacity.

• Europe: In a literature assessment, Kundzewicz et al. (2001:643) concluded, with very high confidence, that the
adaptation potential of socioeconomic systems in Europe was relatively high.[27] This was attributed to Europe's
high GNP, stable growth, stable population, and well-developed political, institutional, and technological support
systems.

• Latin America: In a literature assessment, Mata et al. (2001:697) concluded that the adaptive capacity of
socioeconomic systems in Latin America was very low, particularly in regard to extreme weather events, and that
the region's vulnerability was high.[28]

• Polar regions: Anisimov et al. (2001, pp. 804–805) concluded that:[29]

• within the Antarctic and Arctic, at localities where water was close to melting point, socioeconomic systems
were particularly vulnerable to climate change.

• the Arctic would be extremely vulnerable to climate change. Anisimov et al. (2001) predicted that there would
be major ecological, sociological, and economic impacts in the region.

• Small islands: Mimura et al. (2007, p. 689) concluded, with very high confidence, that small islands were
particularly vulnerable to climate change.[30] Partly this was attributed to their low adaptive capacity and the high
costs of adaptation in proportion to their GDP.
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Systems and sectors
• Coasts and low-lying areas: According to Nicholls et al. (2007, p. 336), societal vulnerability to climate change

is largely dependent on development status.[31] Developing countries lack the necessary financial resources to
relocate those living in low-lying coastal zones, making them more vulnerable to climate change than developed
countries. With high confidence, Nicholls et al. (2007, p. 317) concluded that on vulnerable coasts, the costs of
adapting to climate change are lower than the potential damage costs.[32]

• Industry, settlements and society:
• At the scale of a large nation or region, at least in most industrialized economies, the economic value of sectors

with low vulnerability to climate change greatly exceeds that of sectors with high vulnerability (Wilbanks et
al., 2007, p. 366).[33] Additionally, the capacity of a large, complex economy to absorb climate-related
impacts, is often considerable. Consequently, estimates of the aggregate damages of climate change - ignoring
possible abrupt climate change - are often rather small as a percentage of economic production. On the other
hand, at smaller scales, e.g., for a small country, sectors and societies might be highly vulnerable to climate
change. Potential climate change impacts might therefore amount to very severe damages.

• Wilbanks et al. (2007, p. 359) concluded, with very high confidence, that vulnerability to climate change
depends considerably on specific geographic, sectoral and social contexts. In their view, these vulnerabilities
are not reliably estimated by large-scale aggregate modelling.[34]

Mitigation
Mitigation of climate change involves actions that are designed to limit the amount of long-term climate change
(Fisher et al., 2007:225).[9] Mitigation may be achieved through the reduction of GHG emissions or through the
enhancement of sinks that absorb GHGs, e.g., forests.

International public goods
The atmosphere is an international public good, and GHG emissions are an international externality (Goldemberg et
al., 1996:21, 28, 43).[12] A change in the quality of the atmosphere does not affect the welfare of all individuals
equally. In other words, some individuals may benefit from climate change, while others may lose out. This uneven
distribution of potential climate change impacts, plus the uneven distribution of emissions globally, make it difficult
to secure a global agreement to reduce emissions (Halsnæs et al., 2007:127).[35]

Policies

National

Both climate and non-climate policies can affect emissions growth. Non-climate policies that can affect emissions
are listed below (Bashmakov et al., 2001:409-410):[36]

• Market-orientated reforms can have important impacts on energy use, energy efficiency, and therefore GHG
emissions.

• Price and subsidy policies: Many countries provide subsidies for activities that impact emissions, e.g., subsidies
in the agriculture and energy sectors, and indirect subsidies for transport.

• Market liberalization: Restructuring of energy markets has occurred in several countries and regions. These
policies have mainly been designed to increase competition in the market, but they can have a significant impact
on emissions.

There are a number of policies that might be used to mitigate climate change, including (Bashmakov et al.,
2001:412-422):
• Regulatory standards, e.g., technology or performance standards.
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• Market-based instruments, such as emissions taxes and tradable permits.
• Voluntary agreements between public agencies and industry.
• Informational instruments, e.g., to increase public awareness of climate change.
• Use of subsidies and financial incentives, e.g., feed-in tariffs for renewable energy (Gupta et al., 2007:762).[37]

• Removal of subsidies, e.g., for coal mining and burning (Barker et al., 2001:567-568).[38]

• Demand-side management, which aims to reduce energy demand through energy audits, product labelling, etc.

International

• The Kyoto Protocol to the UNFCCC sets out legally binding emission reduction commitments for the "Annex B"
countries (Verbruggen, 2007, p. 817).[39] The Protocol defines three international policy instruments ("Flexibility
Mechanisms") which can be used by the Annex B countries to meet their emission reduction commitments.
According to Bashmakov et al. (2001:402), use of these instruments could significantly reduce the costs for
Annex B countries in meeting their emission reduction commitments.[36]

• Other possible policies include internationally coordinated carbon taxes and/or regulation (Bashmakov et al.,
2001:430).

Cost estimates
According to a literature assessment by Barker et al. (2007:622), mitigation cost estimates depend critically on the
baseline (in this case, a reference scenario that the alternative scenario is compared with), the way costs are
modelled, and assumptions about future government policy.[40] Fisher et al. (2007) estimated macroeconomic costs
in 2030 for multi-gas mitigation (reducing emissions of carbon dioxide and other GHGs, such as methane) as
between a 3% decrease in global GDP to a small increase, relative to baseline.[9] This was for an emissions pathway
consistent with atmospheric stabilization of GHGs between 445 and 710 ppm CO2-eq. In 2050, the estimated costs
for stabilization between 710 and 445 ppm CO2-eq ranged between a 1% gain to a 5.5% decrease in global GDP,
relative to baseline. These cost estimates were supported by a moderate amount of evidence and much agreement in
the literature (IPCC, 2007b:11,18).[41]

Macroeconomic cost estimates made by Fisher et al. (2007:204) were mostly based on models that assumed
transparent markets, no transaction costs, and perfect implementation of cost-effective policy measures across all
regions throughout the 21st century. According to Fisher et al. (2007), relaxation of some or all these assumptions
would lead to an appreciable increase in cost estimates. On the other hand, IPCC (2007b:8) noted that cost estimates
could be reduced by allowing for accelerated technological learning, or the possible use of carbon tax/emission
permit revenues to reform national tax systems.
• Regional costs were estimated as possibly being significantly different from the global average. Regional costs

were found to be largely dependent on the assumed stabilization level and baseline scenario.
• Sectoral costs: In a literature assessment, Barker et al. (2001:563-564), predicted that the renewables sector could

potentially benefit from mitigation.[38] The coal (and possibly the oil) industry was predicted to potentially lose
substantial proportions of output relative to a baseline scenario, with energy-intensive sectors, such as heavy
chemicals, facing higher costs.

Adaptation and mitigation
The distribution of benefits from adaptation and mitigation policies are different in terms of damages avoided (Toth
et al., 2001:653).[42] Adaptation activities mainly benefit those who implement them, while mitigation benefits
others who may not have made mitigation investments. Mitigation can therefore be viewed as a global public good,
while adaptation is either a private good in the case of autonomous adaptation, or a national or regional public good
in the case of public sector policies.
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Paying for an international public good
Economists generally agree on the following two principles (Goldemberg, et al.., 1996:29):[12]

• For the purposes of analysis, it is possible to separate equity from efficiency. This implies that all emitters,
regardless of whether they are rich or poor, should pay the full social costs of their actions. From this perspective,
corrective (Pigouvian) taxes should be applied uniformly (see carbon tax#Economic theory).

• It is inappropriate to redress all equity issues through climate change policies. However, climate change itself
should not aggravate existing inequalities between different regions.

Some early studies suggested that a uniform carbon tax would be a fair and efficient way of reducing emissions
(Banuri et al., 1996, pp. 103–104).[43] A carbon tax is a Pigouvian tax, and taxes fuels based on their carbon content
(Hoeller and Wallin, 1991, p. 92).[44] Criticisms have been made of such a system:
• A carbon tax would impose different burdens on countries due to existing differences in tax structures, resource

endowments, and development.
• Most observers argue that such a tax would not be fair because of differences in historical emissions and current

wealth.
• A uniform carbon tax would not be Pareto efficient unless lump sum transfers were made between countries.

Pareto efficiency requires that the carbon tax would not make any countries worse off than they would be without
the tax (Chichilnisky and Heal, 1994, p. 445;[45] Tol, 2001, p. 72).[46] Also, at least one country would need to be
better off.

An alternative approach to having a Pigouvian tax is one based on property rights. A practical example of this would
be a system of emissions trading, which is essentially a privatization of the atmosphere (Hepburn, 2007).[47] The idea
of using property rights in response to an externality was put forward by Coase (1960). Coase's model of social cost
assumes a situation of equal bargaining power among participants and equal costs of making the bargain (Toth et
al.., 2001:668).[42] Assigning property rights can be an efficient solution. This is based on the assumption that there
are no bargaining/transaction costs involved in buying or selling these property rights, and that buyers and sellers
have perfect information available when making their decisions.
If these assumptions are correct, efficiency is achieved regardless of how property rights are allocated. In the case of
emissions trading, this suggests that equity and efficiency can be addressed separately: equity is taken care of in the
allocation of emission permits, and efficiency is promoted by the market system. In reality, however, markets do not
live up to the ideal conditions that are assumed in Coase's model, with the result that there may be trade-offs between
efficiency and equity (Halsnæs et al., 2007).[48]

Efficiency and equity

No scientific consensus exists on who should bear the burden of adaptation and mitigation costs (Goldemberg et al..,
1996:29).[12] Several different arguments have been made over how to spread the costs and benefits of taxes or
systems based on emissions trading.
One approach considers the problem from the perspective of who benefits most from the public good. This approach
is sensitive to the fact that different preferences exist between different income classes. The public good is viewed in
a similar way as a private good, where those who use the public good must pay for it. Some people will benefit more
from the public good than others, thus creating inequalities in the absence of benefit taxes. A difficulty with public
goods is determining who exactly benefits from the public good. Additionally, this approach does not provide
guidance as to how the surplus of benefits from climate policy should be shared.
A second approach has been suggested based on economics and the social welfare function. To calculate the social 
welfare function requires an aggregation of the impacts of climate change policies and climate change itself across 
all affected individuals. This calculation involves a number of complexities and controversial equity issues 
(Markandya et al., 2001:460).[49] For example, the monetization of certain impacts on human health. There is also 
controversy over the issue of benefits affecting one individual offsetting negative impacts on another (Smith et al..,
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2001:958).[19] These issues to do with equity and aggregation cannot be fully resolved by economics (Banuri et al..,
1996:87).[43]

On a utilitarian basis, which has traditionally been used in welfare economics, an argument can be made for richer
countries taking on most of the burdens of mitigation (Halsnæs et al., 2007).[50] However, another result is possible
with a different modeling of impacts. If an approach is taken where the interests of poorer people have lower
weighting, the result is that there is a much weaker argument in favour of mitigation action in rich countries. Valuing
climate change impacts in poorer countries less than domestic climate change impacts (both in terms of policy and
the impacts of climate change) would be consistent with observed spending in rich countries on foreign aid
(Hepburn, 2005;[51] Helm, 2008:229).[52]

In terms of the social welfare function, the different results depend on the elasticity of marginal utility. A declining
marginal utility of consumption means that a poor person is judged to benefit more from increases in consumption
relative to a richer person. A constant marginal utility of consumption does not make this distinction, and leads to the
result that richer countries should mitigate less.
A third approach looks at the problem from the perspective of who has contributed most to the problem. Because the
industrialized countries have contributed more than two-thirds of the stock of human-induced GHGs in the
atmosphere, this approach suggests that they should bear the largest share of the costs. This stock of emissions has
been described as an "environmental debt" (Munasinghe et al., 1996, p. 167).[53] In terms of efficiency, this view is
not supported. This is because efficiency requires incentives to be forward-looking, and not retrospective
(Goldemberg et al., 1996, p. 29). The question of historical responsibility is a matter of ethics. Munasinghe et al.
(1996, p. 167) suggested that developed countries could address the issue by making side-payments to developing
countries.

Trade offs
It is often argued in the literature that there is a trade-off between adaptation and mitigation, in that the resources
committed to one are not available for the other (Schneider et al., 2001:94).[54] This is debatable in practice because
the people who bear emission reduction costs or benefits are often different from those who pay or benefit from
adaptation measures.
There is also a trade off in how much damage from climate change should be avoided. The assumption that it is
always possible to trade off different outcomes is viewed as problematic by many people (Halsnæs et al., 2007).[55]

For example, a trade off might exist between economic growth and damages faced by indigenous cultures.
Some of the literature has pointed to difficulties in these kinds of assumptions. For instance, there may be aversion at
any price towards losing particular species. It has also been suggested that low-probability, extreme outcomes are
overweighted when making choices. This is related to climate change, since the possibility of future abrupt changes
in the climate or the Earth system cannot be ruled out. For example, if the West Antarctic ice sheet was to
disintegrate, it could result in a sea level rise of 4–6 meters over several centuries.
Cost-benefit analysis

In a cost-benefit analysis, the trade offs between climate change impacts, adaptation, and mitigation are made
explicit. Cost-benefit analyses of climate change are produced using integrated assessment models (IAMs), which
incorporate aspects of the natural, social, and economic sciences.
In an IAM designed for cost-benefit analysis, the costs and benefits of impacts, adaptation and mitigation are
converted into monetary estimates. Some view the monetization of costs and benefits as controversial (see Economic
impacts of climate change#Aggregate impacts). The "optimal" levels of mitigation and adaptation are then resolved
by comparing the marginal costs of action with the marginal benefits of avoided climate change damages (Toth et
al., 2001:654).[42] The decision over what "optimal" is depends on subjective value judgements made by the author
of the study (Azar, 1998).[56]

http://en.wikipedia.org/w/index.php?title=Utilitarian
http://en.wikipedia.org/w/index.php?title=Ethics
http://en.wikipedia.org/w/index.php?title=Indigenous_peoples
http://en.wikipedia.org/w/index.php?title=Culture
http://en.wikipedia.org/w/index.php?title=Abrupt_climate_change
http://en.wikipedia.org/w/index.php?title=West_Antarctic_ice_sheet
http://en.wikipedia.org/w/index.php?title=Economic_impacts_of_climate_change%23Aggregate_impacts
http://en.wikipedia.org/w/index.php?title=Economic_impacts_of_climate_change%23Aggregate_impacts


Economics of global warming 265

There are many uncertainties that affect cost-benefit analysis, for example, sector- and country-specific damage
functions (Toth et al., 2001:654). Another example is with adaptation. The options and costs for adaptation are
largely unknown, especially in developing countries.

Results

A common finding of cost-benefit analysis is that the optimum level of emissions reduction is modest in the
near-term, with more stringent abatement in the longer-term (Stern, 2007:298;[57] Heal, 2008:20;[58] Barker,
2008).[59] This approach might lead to a warming of more than 3 °C above the pre-industrial level (World Bank,
2010:8).[60] In most models, benefits exceed costs for stabilization of GHGs leading to warming of 2.5 °C. No
models suggest that the optimal policy is to do nothing, i.e., allow "business-as-usual" emissions.
Along the efficient emission path calculated by Nordhaus and Boyer (2000) (referred to by Fisher et al.., 2007), the
long-run global average temperature after 500 years increases by 6.2 °C above the 1900 level.[61] Nordhaus and
Boyer (2000) stated their concern over the potentially large and uncertain impacts of such a large environmental
change. It should be noted that the projected temperature in this IAM, like any other, is subject to scientific
uncertainty (e.g., the relationship between concentrations of GHGs and global mean temperature, which is called the
climate sensitivity). Projections of future atmospheric concentrations based on emission pathways are also affected
by scientific uncertainties, e.g., over how carbon sinks, such as forests, will be affected by future climate change.
Klein et al. (2007) concluded that there were few high quality studies in this area, and placed low confidence in the
results of cost-benefit analysis.[62]

Hof et al. (2008) (referred to by World Bank, 2010:8) examined the sensitivity of the optimal climate target to
assumptions about the time horizon, climate sensitivity, mitigation costs, likely damages, and discount rates. The
optimal target was defined as the concentration that would result in the lowest reduction in the present value (i.e.,
discounted) of global consumption. A set of assumptions that included a relatively high climate sensitivity (i.e., a
relatively large global temperature increase for a given increase in GHGs), high damages, a long time horizon, low
discount rates (i.e., future consumption is valued relatively highly), and low mitigation costs, produced an optimum
peak in the concentration of CO2e at 540 parts per million (ppm). Another set of assumptions that assumed a lower
climate sensitivity (lower global temperature increase), lower damages, a shorter time horizon, and a higher discount
rate (present consumption is valued relatively more highly), produced an optimum peaking at 750 ppm.

Strengths

In spite of various uncertainties or possible criticisms of cost-benefit analysis, it does have several strengths:
• It offers an internally consistent and global comprehensive analysis of impacts (Smith et al., 2001:955).[19]

• Sensitivity analysis allows critical assumptions in the analysis to be changed. This can identify areas where the
value of information is highest and where additional research might have the highest payoffs (Downing, et al.,
2001:119).[63]

• As uncertainty is reduced, the integrated models used in producing cost-benefit analysis might become more
realistic and useful.

Geoengineering
Geoengineering are technological efforts to stabilize the climate system by direct intervention in the
Earth-atmosphere-system's energy balance (Verbruggen, 2007, p. 815).[64] The intent of geoengineering is to reduce
the amount of global warming (the observed trend of increased global average temperature (NRC, 2008, p. 2)).[65]

IPCC (2007b:15) concluded that reliable cost estimates for geoengineering options had not been published.[41] This
finding was based on medium agreement in the literature and limited evidence.
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Major reports considering economics of climate change
The Intergovernmental Panel on Climate Change (IPCC) has produced several reports where the economics
literature on climate change is assessed. In 1995, the IPCC produced its second set of assessment reports on climate
change. Working Group III of the IPCC produced a report on the "Economic and Social Dimensions of Climate
Change." In the later third and fourth IPCC assessments, published in 2001 and 2007 respectively, the assessment of
the economics literature is divided across two reports produced by IPCC Working Groups II and III.
The Stern Review on the Economics of Climate Change is a 700-page report released for the British government on
October 30, 2006 by economist Nicholas Stern chair of the Grantham Research Institute on Climate Change and the
Environment at the London School of Economics. The report discusses the effect of global warming on the world
economy.
The Garnaut Climate Change Review was a study by Professor Ross Garnaut, commissioned by then Opposition
Leader, Kevin Rudd[66] and by the Australian State and Territory Governments on 30 April 2007. After his election
on 24 November 2007 Prime Minister of Australia Kevin Rudd confirmed the participation of the Commonwealth
Government in the Review.

References
[1] Baede, A.P.M. (ed) (2007). "Glossary A-D" (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg1/ en/ annex1sglossary-a-d. html). In

Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller. Climate Change 2007: Working Group I:
The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Print version: Printed by Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. Web version: IPCC website. .

[2] Albritton, D.L. et al. (2001). "Box 1: What drives changes in climate? In (book section): Technical Summary" (http:/ / www. grida. no/
publications/ other/ ipcc_tar/ ). In Houghton, J.T. et al.. Climate Change 2001: Working Group I: The Scientific Basis. Contribution of
Working Group I to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Print version: Printed by Cambridge
University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. Web version: UNEP/GRID-Arendal website. .

[3] NRC (2008). "Understanding and Responding to Climate Change" (http:/ / dels. nas. edu/ resources/ static-assets/ materials-based-on-reports/
booklets/ climate_change_2008_final. pdf) (PDF). Board on Atmospheric Sciences and Climate (http:/ / dels. nas. edu/ basc), US National
Academy of Sciences. p. 4. . Retrieved 2010-11-09.

[4] America's Climate Choices: Panel on Advancing the Science of Climate Change; National Research Council (2010). What we know about
climate change. In (book section): Summary. In: Advancing the Science of Climate Change (pre-publication edition) (http:/ / books. nap. edu/
openbook. php?record_id=12782& page=2). The National Academies Press, Washington, D.C.. p. 2. .

[5] Munasinghe, M. et al. (1995). "Applicability of Techniques of Cost-Benefit Analysis to Climate Change. In: World Bank Environment Paper
Number 12: Global Climate Change: Economic and Policy Issues [M. Munasinghe (ed.) (http:/ / go. worldbank. org/ RBZH3Z1SJ0)"]. The
World Bank, Washington, D.C., U.S.A.. . Retrieved 2010-02-11.

[6] US NRC (2001). "Climate Change Science: An Analysis of Some Key Questions" (http:/ / www. nap. edu/ openbook. php?record_id=10139).
National Academy Press, Washington, D.C., U.S.A.. . Retrieved 2010-02-11.

[7] Carter, T.R. et al. (2001). "Developing and Applying Scenarios. In: Climate Change 2001: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change [J.J. McCarthy et al.
Eds. (http:/ / www. ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K.,
and New York, N.Y., U.S.A.. . Retrieved 2010-01-10.

[8] Morita, T. et al. (2001). "Greenhouse Gas Emission Mitigation Scenarios and Implications. In: Climate Change 2001: Mitigation.
Contribution of Working Group III to the Third Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz et al. Eds.
(http:/ / www. ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and
New York, N.Y., U.S.A.. . Retrieved 2010-01-10.

[9] Fisher, B.S. et al. (2007). "Issues related to mitigation in the long term context. In: Climate Change 2007: Mitigation. Contribution of
Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz et al. Eds. (http:/ / www.
ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y.,
U.S.A.. . Retrieved 2009-05-20.

[10] Rogner, H.-H., D. Zhou, R. Bradley. P. Crabbé, O. Edenhofer, B.Hare, L. Kuijpers, M. Yamaguchi (2007). 1.3.1.2 Intensities. In (book
chapter): Introduction. In: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)) (http:/ / www. ipcc. ch/
publications_and_data/ ar4/ wg3/ en/ ch1s1-3-1-2. html). Print version: Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA. This version: IPCC website. ISBN 9780521880114. . Retrieved 2010-05-05.

[11] IPCC (2001). "Summary for Policymakers. In: Climate Change 2001: Synthesis Report. A Contribution of Working Groups I, II, and III to 
the Third Assessment Report of the Integovernmental Panel on Climate Change [Watson, R.T. and the Core Writing Team (eds.) (http:/ /

http://en.wikipedia.org/w/index.php?title=Intergovernmental_Panel_on_Climate_Change
http://en.wikipedia.org/w/index.php?title=IPCC_Second_Assessment_Report
http://en.wikipedia.org/w/index.php?title=IPCC_Third_Assessment_Report
http://en.wikipedia.org/w/index.php?title=IPCC_Fourth_Assessment_Report
http://en.wikipedia.org/w/index.php?title=Stern_review
http://en.wikipedia.org/w/index.php?title=Her_Majesty%27s_Government
http://en.wikipedia.org/w/index.php?title=Nicholas_Stern
http://en.wikipedia.org/w/index.php?title=Grantham_Research_Institute_on_Climate_Change_and_the_Environment
http://en.wikipedia.org/w/index.php?title=Grantham_Research_Institute_on_Climate_Change_and_the_Environment
http://en.wikipedia.org/w/index.php?title=London_School_of_Economics
http://en.wikipedia.org/w/index.php?title=Garnaut_Climate_Change_Review
http://en.wikipedia.org/w/index.php?title=Ross_Garnaut
http://en.wikipedia.org/w/index.php?title=Kevin_Rudd
http://en.wikipedia.org/w/index.php?title=Australia
http://en.wikipedia.org/w/index.php?title=States_and_Territories_of_Australia
http://en.wikipedia.org/w/index.php?title=Prime_Minister_of_Australia
http://en.wikipedia.org/w/index.php?title=Kevin_Rudd
http://en.wikipedia.org/w/index.php?title=Government_of_Australia
http://en.wikipedia.org/w/index.php?title=Government_of_Australia
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/annex1sglossary-a-d.html
http://www.grida.no/publications/other/ipcc_tar/
http://www.grida.no/publications/other/ipcc_tar/
http://dels.nas.edu/resources/static-assets/materials-based-on-reports/booklets/climate_change_2008_final.pdf
http://dels.nas.edu/resources/static-assets/materials-based-on-reports/booklets/climate_change_2008_final.pdf
http://dels.nas.edu/basc
http://books.nap.edu/openbook.php?record_id=12782&page=2
http://books.nap.edu/openbook.php?record_id=12782&page=2
http://go.worldbank.org/RBZH3Z1SJ0
http://www.nap.edu/openbook.php?record_id=10139
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch1s1-3-1-2.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch1s1-3-1-2.html
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm


Economics of global warming 267

www. ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York,
N.Y., U.S.A.. . Retrieved 2009-05-20.

[12] Goldemberg, J. et al. (1996). "Introduction: scope of the assessment." (http:/ / www. ipcc. ch/ ipccreports/ sar/ wg_III/
ipcc_sar_wg_III_full_report. pdf). In J.P. Bruce et al. (PDF). Climate Change 1995: Economic and Social Dimensions of Climate Change.
Contribution of Working Group III to the Second Assessment Report of the Intergovernmental Panel on Climate Change. This version: Printed
by Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. Web version: IPCC website. doi:10.2277/0521568544.
ISBN 9780521568548. .

[13] DeCanio, S.J. (October 17, 2007). "Reflections on Climate Change, Economic Development, and Global Equity" (http:/ / www.
stephendecanio. com/ Stephen_DeCanio_Site/ DeCanioLeontief07-1. pdf). The website of Stephen J. DeCanio, Professor of Economics,
Emeritus, at the University of California, Santa Barbara. . Retrieved 2010-02-20.

[14] Halsnæs, K. et al. (2007). "2.3.3 Costs, benefits and uncertainties. Framing issues" (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg3/
en/ ch2s2-3-3. html). In B. Metz et al.. Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change. Print version: Cambridge University Press, Cambridge, U.K., and New York, N.Y.,
U.S.A.. This version: IPCC website. ISBN 9780521880114. . Retrieved 2010-05-23.

[15] Fisher, B.S., N. Nakicenovic, K. Alfsen, J. Corfee Morlot, F. de la Chesnaye, J.-Ch. Hourcade, K. Jiang, M. Kainuma, E. La Rovere, A.
Matysek, A. Rana, K. Riahi, R. Richels, S. Rose, D. van Vuuren, R. Warren (2007). 3.5.1.1 An iterative risk-management framework to
articulate options. In: Chapter 3: Issues related to mitigation in the long-term context. In: Climate Change 2007: Mitigation. Contribution of
Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (B. Metz, O.R. Davidson, P.R. Bosch,
R. Dave, L.A. Meyer (eds)) (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg3/ en/ ch3s3-5-1-1. html). Print version: Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA. This version: IPCC website. ISBN 9780521880114. . Retrieved
2010-05-25.

[16] Yohe, G.W. (May 2010). "Addressing Climate Change through a Risk Management Lens. In: Assessing the Benefits of Avoided Climate
Change: Cost-Benefit Analysis and Beyond. (Gulledge, J., L. J. Richardson, L. Adkins, and S. Seidel (eds.)), Proceedings of Workshop on
Assessing the Benefits of Avoided Climate Change, March 16–17, 2009. Pew Center on Global Climate Change: Arlington, VA" (http:/ /
www. pewclimate. org/ events/ 2009/ benefitsworkshop). Pew Center on Global Climate Change. pp. 201–231. . Retrieved 2010-05-25.

[17] Arrow, K.J. et al. (1996) (PDF). Decision-making frameworks for addressing climate change. In: Climate Change 1995: Economic and
Social Dimensions of Climate Change. Contribution of Working Group III to the Second Assessment Report of the Intergovernmental Panel
on Climate Change (J.P. Bruce et al. (eds.)) (http:/ / www. ipcc. ch/ ipccreports/ sar/ wg_III/ ipcc_sar_wg_III_full_report. pdf). This version:
Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. Web version: IPCC website. doi:10.2277/0521568544.
ISBN 9780521568548. .

[18] CCSP (January 2009). "Best practice approaches for characterizing, communicating, and incorporating scientific uncertainty in
decisionmaking. A Report by the U.S. Climate Change Science Program and the Subcommittee on Global Change Research (Granger Morgan,
H. Dowlatabadi, M. Henrion, D. Keith, R. Lempert, S. McBride, M. Small, T. Wilbanks (eds.))" (http:/ / www. globalchange. gov/
publications/ reports/ scientific-assessments/ saps/ 311). National Oceanic and Atmospheric Administration, Washington D.C., USA.. .
Retrieved 2010-05-25.

[19] Smith, J.B., et al. (2001). "Vulnerability to Climate Change and Reasons for Concern: A Synthesis. In: Climate Change 2001: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate
Change [J.J. McCarthy et al. Eds. (http:/ / www. ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge
University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved 2010-01-10.

[20] IPCC (2007a). "Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K and Reisinger, A. (eds.) (http:/ / www. ipcc. ch/
publications_and_data/ publications_ipcc_fourth_assessment_report_synthesis_report. htm)"]. IPCC, Geneva, Switzerland. pp. 104. .
Retrieved 2009-05-20.

[21] Smit, B. et al. (2001). "Adaptation to Climate Change in the Context of Sustainable Development and Equity. In: Climate Change 2001:
Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on
Climate Change [J.J. McCarthy et al. Eds. (http:/ / www. ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge
University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved 2010-01-10.

[22] Adger, W.N. et al. (2007). "Assessment of adaptation practices, options, constraints and capacity. In: Climate Change 2007: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change [M.L. Parry et al. Eds. (http:/ / www. ipcc. ch/ publications_and_data/
publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability. htm)"]. Cambridge University Press,
Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved 2009-05-20.

[23] Goklany, I.M. (1995). "Strategies to enhance adaptability: technological change, sustainable growth and free trade" (http:/ / goklany. org/
library/ Goklany 1995 Climatic Change. pdf). Climatic Change 30: 427–449. doi:10.1007/BF01093855. . Retrieved 2010-02-03.

[24] Boko, M., et al. (2007). "Africa. In: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change" (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg2/ en/
ch9. html). In M.L. Parry et al. Eds.. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. pp. 433–467. . Retrieved
2009-05-20.

http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/ipccreports/sar/wg_III/ipcc_sar_wg_III_full_report.pdf
http://www.ipcc.ch/ipccreports/sar/wg_III/ipcc_sar_wg_III_full_report.pdf
http://www.stephendecanio.com/Stephen_DeCanio_Site/DeCanioLeontief07-1.pdf
http://www.stephendecanio.com/Stephen_DeCanio_Site/DeCanioLeontief07-1.pdf
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-3-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-3-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch3s3-5-1-1.html
http://www.pewclimate.org/events/2009/benefitsworkshop
http://www.pewclimate.org/events/2009/benefitsworkshop
http://www.ipcc.ch/ipccreports/sar/wg_III/ipcc_sar_wg_III_full_report.pdf
http://www.globalchange.gov/publications/reports/scientific-assessments/saps/311
http://www.globalchange.gov/publications/reports/scientific-assessments/saps/311
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm
http://goklany.org/library/Goklany%201995%20Climatic%20Change.pdf
http://goklany.org/library/Goklany%201995%20Climatic%20Change.pdf
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch9.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch9.html


Economics of global warming 268

[25] Lal, M. et al. (2001). "Asia. In: Climate Change 2001: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the
Third Assessment Report of the Intergovernmental Panel on Climate Change" (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg2/ en/
ch10. html). In J.J. McCarthy et al. Eds.. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved
2010-01-10.

[26] Hennessy, K. et al. (2007). "Australia and New Zealand. In: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change" (http:/ / www. ipcc. ch/
publications_and_data/ ar4/ wg2/ en/ ch11. html). In M.L. Parry et al. Eds.. Cambridge University Press, Cambridge, U.K., and New York,
N.Y., U.S.A.. pp. 507–540. . Retrieved 2009-05-20.

[27] Kundzewicz, Z.W. et al. (2001). "Europe. In: Climate Change 2001: Impacts, Adaptation and Vulnerability. Contribution of Working Group
II to the Third Assessment Report of the Intergovernmental Panel on Climate Change" (http:/ / www. ipcc. ch/ publications_and_data/ ar4/
wg2/ en/ ch12. html). In J.J. McCarthy et al. Eds.. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved
2010-01-10.

[28] Mata, L.J. et al. (2001). "Latin America. In: Climate Change 2001: Impacts, Adaptation and Vulnerability. Contribution of Working Group
II to the Third Assessment Report of the Intergovernmental Panel on Climate Change [J.J. McCarthy et al. Eds. (http:/ / www. ipcc. ch/
publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. .
Retrieved 2010-01-10.

[29] Anisimov, O. et al. (2001). Executive Summary. In (book chapter): Polar Regions (Arctic and Antarctic). In: Climate Change 2001:
Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on
Climate Change (J.J. McCarthy et al. (eds.)) (http:/ / www. grida. no/ climate/ ipcc_tar/ wg2/ 593. htm). Print version: Cambridge University
Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: GRID-Arendal website. ISBN 0521807689. . Retrieved 2010-05-23.

[30] Mimura, N. et al. (2007). Executive summary. In (book chapter): Small islands. In: Climate Change 2007: Impacts, Adaptation and
Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (M.L.
Parry et al., (eds.)) (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg2/ en/ ch16s16-es. html). Print version: Cambridge University
Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website. ISBN 9780521880107. . Retrieved 2010-05-23.

[31] Nicholls, R.J. et al. (2007). 6.4.3 Key vulnerabilities and hotspots. In (book chapter): Coastal systems and low-lying areas. In: Climate
Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (M.L. Parry et al. (eds.)) (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg2/ en/ ch6s6-4-3.
html). Print version: Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website.
ISBN 9780521880107. . Retrieved 2010-05-23.

[32] Nicholls, R.J. et al. (2007). Executive summary. In (book chapter): Coastal systems and low-lying areas. In: Climate Change 2007: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (M.L. Parry et al. (eds.)) (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg2/ en/ ch6s6-es. html). Print version: Cambridge
University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website. ISBN 9780521880107. . Retrieved 2010-05-23.

[33] Wilbanks, T.J. et al. (2007). 7.4.1 General effects. In (book chapter): Industry, settlement and society. In: Climate Change 2007: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (M.L. Parry et al. (eds.)) (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg2/ en/ ch7s7-4-1. html). Print version: Cambridge
University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website. ISBN 9780521880107. . Retrieved 2010-05-23.

[34] Wilbanks, T.J. et al. (2007). Executive summary. In (book chapter): Industry, settlement and society. In: Climate Change 2007: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (M.L. Parry et al. (eds.)) (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg2/ en/ ch7s7-es. html). Print version: Cambridge
University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website. ISBN 9780521880107. . Retrieved 2010-05-23.

[35] Halsnæs, K. et al. (2007). "Framing issues. In: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz et al. Eds. (http:/ / www. ipcc. ch/ publications_and_data/
publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved 2009-05-20.

[36] Bashmakov, I. et al. (2001). "Policies, Measures, and Instruments. In: Climate Change 2001: Mitigation. Contribution of Working Group III
to the Third Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz et al. Eds. (http:/ / www. ipcc. ch/
publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press. . Retrieved 2009-05-20.

[37] Gupta, S. et al. (2007). "Policies, Instruments and Co-operatuve Arrangements. In: Climate Change 2007: Mitigation. Contribution of
Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz et al. Eds. (http:/ / www.
ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y.,
U.S.A.. . Retrieved 2009-05-20.

[38] Barker, T., et al. (2001). "Sectoral Costs and Ancillary Benefits of Mitigation. In: Climate Change 2001: Mitigation. Contribution of
Working Group III to the Third Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, et al., Eds. (http:/ / www.
ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y.,
U.S.A.. . Retrieved 2010-01-10.

[39] Verbruggen, A. (ed) (2007). Glossary J-P. In (book section): Annex I. In: Climate Change 2007: Mitigation. Contribution of Working Group
III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (B. Metz et al. (eds.)) (http:/ / www. ipcc. ch/
publications_and_data/ ar4/ wg3/ en/ annex1sglossary-j-p. html). Print version: Cambridge University Press, Cambridge, U.K., and New
York, N.Y., U.S.A.. This version: IPCC website. ISBN 9780521880114. . Retrieved 2010-05-23.

http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch10.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch10.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch11.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch11.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch12.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch12.html
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.grida.no/climate/ipcc_tar/wg2/593.htm
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch16s16-es.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch6s6-4-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch6s6-4-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch6s6-es.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch7s7-4-1.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch7s7-es.html
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/annex1sglossary-j-p.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/annex1sglossary-j-p.html


Economics of global warming 269

[40] Barker, T. et al. (2007). "Mitigation from a cross-sectoral perspective. In: Climate Change 2007: Mitigation. Contribution of Working Group
III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz et al., Eds. (http:/ / www. ipcc. ch/
publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. .
Retrieved 2009-05-20.

[41] IPCC (2007b). "Summary for Policymakers. In: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz et al. Eds. (http:/ / www. ipcc. ch/ publications_and_data/
publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved 2009-05-20.

[42] Toth, F.L. et al. (2001). "Decision-making Frameworks. In: Climate Change 2001: Mitigation. Contribution of Working Group III to the
Third Assessment Report of the Intergovernmental Panel on Climate Change" (http:/ / www. ipcc. ch/ publications_and_data/
publications_and_data_reports. htm). In B. Metz et al. (Eds.). Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. .
Retrieved 2010-01-10.

[43] Banuri, T. et al. (1996). "Equity and Social Considerations." (http:/ / www. ipcc. ch/ ipccreports/ sar/ wg_III/ ipcc_sar_wg_III_full_report.
pdf). In J.P. Bruce et al. (PDF). Climate Change 1995: Economic and Social Dimensions of Climate Change. Contribution of Working Group
III to the Second Assessment Report of the Intergovernmental Panel on Climate Change. This version: Printed by Cambridge University Press,
Cambridge, U.K., and New York, N.Y., U.S.A.. Web version: IPCC website. doi:10.2277/0521568544. ISBN 9780521568548. .

[44] Hoeller, P. and M. Wallin (1991). "OECD Economic Studies No. 17, Autumn 1991. Energy Prices, Taxes and Carbon Dioxide Emissions"
(http:/ / www. oecd. org/ dataoecd/ 33/ 26/ 34258255. pdf). OECD website. . Retrieved 2010-04-23.

[45] Chichilnisky, G.; Heal, G. (Spring 1994). "Who should abate carbon emissions? An international viewpoint" (http:/ / chichilnisky. com/
pdfs/ papers/ 93. pdf) (PDF). Economic Letters 44. . Retrieved 2010-05-29.

[46] Tol, R.S.J. (2001). "Equitable cost-benefit analysis of climate change policies" (http:/ / www. mi. uni-hamburg. de/ fileadmin/ fnu-files/
publication/ tol/ ececequity. pdf) (PDF). Ecological Economics 36 (1). . Retrieved 2010-05-29.

[47] Hepburn, C. (November 2007). "Carbon Trading: A Review of the Kyoto Mechanisms" (http:/ / arjournals. annualreviews. org/ eprint/
V5uDHeDwvfmeMnr3IuPZ/ full/ 10. 1146/ annurev. energy. 32. 053006. 141203). Annual Review of Environment and Resources 32:
375–393. doi:10.1146/annurev.energy.32.053006.141203. . Retrieved 2009-05-20.

[48] Halsnæs, K. et al. (2007). "2.6.5 Economic efficiency and eventual trade-offs with equity. In (book chapter 2): Framing issues." (http:/ /
www. ipcc. ch/ publications_and_data/ ar4/ wg3/ en/ ch2s2-6-5. html). In B. Metz et al.. Climate Change 2007: Mitigation. Contribution of
Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Print version: Cambridge University
Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website. . Retrieved 2010-04-06.

[49] Markandya, A. et al. (2001). "Costing Methodologies." (http:/ / www. ipcc. ch/ publications_and_data/ publications_and_data_reports. htm).
In B. Metz et al.. Climate Change 2001: Mitigation. Contribution of Working Group III to the Third Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved
2010-01-10.

[50] Halsnæs, K. et al. (2007). "2.6.4 Equity consequences of different policy instruments, Chapter 2 Framing issues" (http:/ / www. ipcc. ch/
publications_and_data/ ar4/ wg3/ en/ ch2s2-6-4. html). In B. Metz et al.. Climate Change 2007: Mitigation. Contribution of Working Group
III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Print version: Cambridge University Press,
Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website. . Retrieved 2010-04-06.

[51] Hepburn, C. (28 February 2005). "Memorandum by Dr Cameron Hepburn, St Hugh's College, University of Oxford." (http:/ / www.
publications. parliament. uk/ pa/ ld200506/ ldselect/ ldeconaf/ 12/ 12we10. htm). The Economics of Climate Change. Second Report of
2005-2006 Volume II, HL Paper No. 12-II. House of Lords Economic Affairs Select Committee. . Retrieved 2010-04-06.

[52] Helm, D. (1 November 2008). "Climate-change policy: why has so little been achieved?" (http:/ / www. dieterhelm. co. uk/ node/ 671).
Oxford Review of Economic Policy 24 (2): 211–238. doi:10.1093/oxrep/grn014. . Retrieved 2010-04-06.

[53] Munasinghe, M. et al. (1996). "Applicability of Techniques of Cost-Benefit Analysis to Climate Change." (http:/ / www. ipcc. ch/
ipccreports/ sar/ wg_III/ ipcc_sar_wg_III_full_report. pdf). In J.P. Bruce et al. (PDF). Climate Change 1995: Economic and Social
Dimensions of Climate Change. Contribution of Working Group III to the Second Assessment Report of the Intergovernmental Panel on
Climate Change. This version: Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. Web version: IPCC website.
doi:10.2277/0521568544. ISBN 9780521568548. .

[54] Schneider, S. et al. (2001). "Overview of Impacts, Adaptation, and Vulnerability to Climate Change. In: Climate Change 2001: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate
Change (J.J. McCarthy et al. Eds.)" (http:/ / www. ipcc. ch/ publications_and_data/ publications_and_data_reports. htm). Cambridge
University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. . Retrieved 2010-01-10.

[55] Halsnæs, K. et al. (2007). 2.2.4 Risk of catastrophic or abrupt change. Framing issues. In: Climate Change 2007: Mitigation. Contribution
of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (B. Metz et al. (eds.)) (http:/ /
www. ipcc. ch/ publications_and_data/ ar4/ wg3/ en/ ch2s2-2-4. html). Print version: Cambridge University Press, Cambridge, U.K., and New
York, N.Y., U.S.A.. This version: IPCC website. ISBN 9780521880114. . Retrieved 2010-05-23.

[56] Azar, C. (1998). "Are Optimal CO2 Emissions Really Optimal? Four Critical Issues for Economists in the Greenhouse" (http:/ / www.
hm-treasury. gov. uk/ d/ azar_1998_four_crucial_issues. pdf). Environmental and Resource Economics 11 (3-4): 301–315.
doi:10.1023/A:1008235326513. . Retrieved 2009-01-10.

[57] Stern, N. (2007). "Towards a Goal for Climate-Change Policy. In: Stern Review on the Economics of Climate Change (pre-publication 
edition)" (http:/ / www. hm-treasury. gov. uk/ sternreview_index. htm). Cambridge University Press, Cambridge, U.K., and New York, N.Y.,

http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/ipccreports/sar/wg_III/ipcc_sar_wg_III_full_report.pdf
http://www.ipcc.ch/ipccreports/sar/wg_III/ipcc_sar_wg_III_full_report.pdf
http://www.oecd.org/dataoecd/33/26/34258255.pdf
http://en.wikipedia.org/w/index.php?title=Graciela_Chichilnisky
http://chichilnisky.com/pdfs/papers/93.pdf
http://chichilnisky.com/pdfs/papers/93.pdf
http://www.mi.uni-hamburg.de/fileadmin/fnu-files/publication/tol/ececequity.pdf
http://www.mi.uni-hamburg.de/fileadmin/fnu-files/publication/tol/ececequity.pdf
http://arjournals.annualreviews.org/eprint/V5uDHeDwvfmeMnr3IuPZ/full/10.1146/annurev.energy.32.053006.141203
http://arjournals.annualreviews.org/eprint/V5uDHeDwvfmeMnr3IuPZ/full/10.1146/annurev.energy.32.053006.141203
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-6-5.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-6-5.html
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-6-4.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-6-4.html
http://www.publications.parliament.uk/pa/ld200506/ldselect/ldeconaf/12/12we10.htm
http://www.publications.parliament.uk/pa/ld200506/ldselect/ldeconaf/12/12we10.htm
http://www.dieterhelm.co.uk/node/671
http://www.ipcc.ch/ipccreports/sar/wg_III/ipcc_sar_wg_III_full_report.pdf
http://www.ipcc.ch/ipccreports/sar/wg_III/ipcc_sar_wg_III_full_report.pdf
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-2-4.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-2-4.html
http://www.hm-treasury.gov.uk/d/azar_1998_four_crucial_issues.pdf
http://www.hm-treasury.gov.uk/d/azar_1998_four_crucial_issues.pdf
http://www.hm-treasury.gov.uk/sternreview_index.htm


Economics of global warming 270

U.S.A.. . Retrieved 2010-02-25.
[58] Heal, G. (April 2008). "Climate economics: A meta-review and some suggestions. NBER Working Paper 13927" (http:/ / www2. gsb.

columbia. edu/ faculty/ gheal/ EnvironmentalEconomicsPapers/ NBER Climate paper 90198-w13927. pdf). U.S. National Bureau of
Economic Research. . Retrieved 2009-05-20.

[59] Barker, T. (August 2008). "The economics of avoiding dangerous climate change. An editorial essay on The Stern Review" (http:/ / www.
springerlink. com/ content/ 612k4k5v68r2577m/ ?p=20cde4d2d12e41939a4faac4082d8512& pi=0). Climatic Change 89 (3-4): 173–194.
doi:10.1007/s10584-008-9433-x. . Retrieved 2009-05-20.

[60] World Bank (2010). "Overview: Changing the Climate for Development. In: World Development Report 2010: Development and Climate
Change" (http:/ / go. worldbank. org/ BKLQ9DSDU0). The International Bank for Reconstruction and Development / The World Bank, 1818
H Street NW, Washington DC 20433. . Retrieved 2010-04-06.

[61] Fisher, B.S. et al. (2007). "3.5.3.3 Cost-benefit analysis, damage cost estimates and social costs of carbon. In (book chapter): Issues related
to mitigation in the long term context. In: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change (B. Metz et al. Eds.)" (http:/ / www. ipcc. ch/ publications_and_data/ ar4/ wg3/ en/
ch3s3-5-3-3. html). Print version: Cambridge University Press, Cambridge, U.K., and New York, N.Y., U.S.A.. This version: IPCC website. .
Retrieved 2010-04-06.

[62] Klein, R.J.T. et al. (2007). "18.4.2 Consideration of costs and damages avoided and/or benefits gained. In (book chapter): Inter-relationships
between adaptation and mitigation. In: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change (M.L. Parry et al. Eds.)" (http:/ / www. ipcc. ch/
publications_and_data/ ar4/ wg2/ en/ ch18s18-4-2. html). Print version: Cambridge University Press, Cambridge, U.K., and New York, N.Y.,
U.S.A.. This version: IPCC website. . Retrieved 2010-04-06.

[63] Downing, T.E. et al. (2001). "Methods and Tools. In: Climate Change 2001: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change [J.J. McCarthy et al. Eds. (http:/ / www.
ipcc. ch/ publications_and_data/ publications_and_data_reports. htm)"]. Cambridge University Press, Cambridge, U.K., and New York, N.Y.,
U.S.A.. . Retrieved 2010-01-10.

[64] Verbruggen, A. (ed) (2007). Glossary E-I. In (book section): Annex I. In: Climate Change 2007: Mitigation. Contribution of Working Group
III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (B. Metz et al. (eds.)) (http:/ / www. ipcc. ch/
publications_and_data/ ar4/ wg3/ en/ annex1sglossary-e-i. html). Print version: Cambridge University Press, Cambridge, U.K., and New York,
N.Y., U.S.A.. This version: IPCC website. ISBN 9780521880114. . Retrieved 2010-05-23.

[65] NRC (2008). "Understanding and Responding to Climate Change" (http:/ / dels. nas. edu/ resources/ static-assets/
materials-based-on-reports/ booklets/ climate_change_2008_final. pdf). US National Academy of Sciences. . Retrieved 2010-11-09.

[66] Garnaut Climate Change Review Draft Report (PDF) (http:/ / www. garnautreview. org. au/ CA25734E0016A131/ WebObj/
GarnautClimateChangeReview-DraftReport-Ch1andPrelim/ $File/ Garnaut Climate Change Review - Draft Report - Ch 1 and Prelim. pdf)

Further reading
• DESA (2009) (PDF). World Economic and Social Survey 2009: Promoting Development, Saving the Planet.

Produced by the Department of Economic and Social Affairs of the United Nations Secretariat (http:/ / www. un.
org/ esa/ policy/ wess/ wess2009files/ wess09/ wess2009. pdf). Printed by the United Nations, Publishing Section,
New York. ISBN 9789211091595. Retrieved 2010-06-08.

• IMF (April 2008). "Chapter 4. Climate Change and the Global Economy. In: World Economic and Financial
Surveys: World Economic Outlook: Housing and the Business Cycle" (http:/ / www. imf. org/ external/ pubs/ ft/
weo/ 2008/ 01/ index. htm). IMF website. Retrieved 2010-04-21.

• IPCC (1996). "Summary for Policymakers. In: Climate Change 1995: Economic and Social Dimensions of
Climate Change. Contribution of Working Group III to the Second Assessment Report of the Intergovernmental
Panel on Climate Change (J.P. Bruce et al. Eds.)" (http:/ / www. ipcc. ch/ pdf/ climate-changes-1995/
spm-economic-social-dimensions. pdf). Cambridge University Press, Cambridge, U.K., and New York, N.Y.,
U.S.A.. Retrieved 2009-09-03.

• Nordhaus, W.D. (ed) (1998). Economics and Policy Issues in Climate Change. RFF Press, Washington, D.C.,
U.S.A.. pp. 336. ISBN 0-915707-95-0.

• Touffut, Jean-Philippe (ed.) (2009). Changing Climate, Changing Economy (http:/ / www. centrecournot. org/
index. php/ 2009/ 11/ 17/ changing-climate-changing-economy). Contributors: Michel Armatte, Jean-Pierre
Dupuy, Olivier Godard, Inge Kaul, Thomas Schelling, Robert M. Solow, Nicholas Stern, Thomas Sterner and
Martin L. Weitzman. Cheltenham, UK, and Northampton, MA, USA: Edward Elgar. ISBN 978-1-84844-836-0.

http://www2.gsb.columbia.edu/faculty/gheal/EnvironmentalEconomicsPapers/NBER%20Climate%20paper%2090198-w13927.pdf
http://www2.gsb.columbia.edu/faculty/gheal/EnvironmentalEconomicsPapers/NBER%20Climate%20paper%2090198-w13927.pdf
http://en.wikipedia.org/w/index.php?title=National_Bureau_of_Economic_Research
http://en.wikipedia.org/w/index.php?title=National_Bureau_of_Economic_Research
http://www.springerlink.com/content/612k4k5v68r2577m/?p=20cde4d2d12e41939a4faac4082d8512&pi=0
http://www.springerlink.com/content/612k4k5v68r2577m/?p=20cde4d2d12e41939a4faac4082d8512&pi=0
http://go.worldbank.org/BKLQ9DSDU0
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch3s3-5-3-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch3s3-5-3-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch18s18-4-2.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch18s18-4-2.html
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/annex1sglossary-e-i.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/annex1sglossary-e-i.html
http://dels.nas.edu/resources/static-assets/materials-based-on-reports/booklets/climate_change_2008_final.pdf
http://dels.nas.edu/resources/static-assets/materials-based-on-reports/booklets/climate_change_2008_final.pdf
http://www.garnautreview.org.au/CA25734E0016A131/WebObj/GarnautClimateChangeReview-DraftReport-Ch1andPrelim/$File/Garnaut%20Climate%20Change%20Review%20-%20Draft%20Report%20-%20Ch%201%20and%20Prelim.pdf
http://www.garnautreview.org.au/CA25734E0016A131/WebObj/GarnautClimateChangeReview-DraftReport-Ch1andPrelim/$File/Garnaut%20Climate%20Change%20Review%20-%20Draft%20Report%20-%20Ch%201%20and%20Prelim.pdf
http://www.un.org/esa/policy/wess/wess2009files/wess09/wess2009.pdf
http://www.un.org/esa/policy/wess/wess2009files/wess09/wess2009.pdf
http://www.imf.org/external/pubs/ft/weo/2008/01/index.htm
http://www.imf.org/external/pubs/ft/weo/2008/01/index.htm
http://www.ipcc.ch/pdf/climate-changes-1995/spm-economic-social-dimensions.pdf
http://www.ipcc.ch/pdf/climate-changes-1995/spm-economic-social-dimensions.pdf
http://en.wikipedia.org/w/index.php?title=Resources_for_the_Future
http://www.centrecournot.org/index.php/2009/11/17/changing-climate-changing-economy
http://www.centrecournot.org/index.php/2009/11/17/changing-climate-changing-economy


Economics of global warming 271

• Editor-in-Chief: Mendelsohn, Robert. Climate Change Economics (CCE) (http:/ / www. worldscinet. com/ cce/
cce. shtml). Hackensack, New Jersey, USA: World Scientific. ISSN 2010-0078(P)/2010-0086(E).

External links
• Intergovernmental Panel on Climate Change Working Groups II and III (http:/ / www. ipcc. ch)
• Climate change (http:/ / www. un. org/ esa/ dsd/ dsd_aofw_cc/ cc_index. shtml) on the United Nations Economic

and Social Development (UNESD) Division for Sustainable Development website.
• Climate change (http:/ / beta. worldbank. org/ climatechange/ ) at the World Bank.
• IMF (http:/ / www. imf. org/ external/ ) and the International Energy Agency websites (http:/ / www. iea. org/ ) –

these sites contain publications on climate change.
• Climate change (http:/ / www. oecd. org/ env/ cc) on the OECD website.
• The multilateral trading system and climate change: introduction (http:/ / www. wto. org/ english/ tratop_e/

envir_e/ climate_intro_e. htm), the World Trade Organization.
• Task Force on Low-Carbon Economic Prosperity (http:/ / www. weforum. org/ en/ initiatives/ ghg/ index. htm),

the World Economic Forum.

Videos
• Cournot Centre Conference on "The Economic Cost of Climate Change" (http:/ / www. centrecournot. org/ index.

php/ category/ 2008_the-economic-cost-of-climate-change). Speakers: Masahiko Aoki (Stanford University),
Michel Armatte (Centre A. Koyré), Jean-Pierre Dupuy (Stanford University), Olivier Godard (C.N.R.S.),
Jean-Charles Hourcade (C.I.R.E.D.), Inge Kaul (Hertie School), Philippe Quirion (C.N.R.S.), Thomas Schelling
(University of Maryland), Robert Solow (MIT), Nicholas Stern (London School of Economics), Thomas Sterner
(University of Gothenburg), and Martin Weitzman (Harvard University). Recorded in 2008.

• "Climate Change and Disasters - Risk and Policy" (http:/ / info. worldbank. org/ etools/ BSPAN/
PresentationView. asp?PID=2360& EID=1053). A discussion based on the work of William Nordhaus, Sterling
Professor of Economics at Yale University. This discussion was held at the World Bank in 2008.

• "Can We Afford the Future? The Economics of a Warming World" (http:/ / www. bu. edu/ phpbin/ buniverse/
videos/ view/ ?id=349). A lecture given by Frank Ackerman at Boston University, April 28, 2009.

• "Negotiating a New International Climate Treaty" (http:/ / vimeo. com/ 7288409). A talk given by Scott Barrett,
Lenfest-Earth Institute Professor of Natural Resource Economics, School of International and Public Affairs,
Columbia University. October 8, 2009.

http://www.worldscinet.com/cce/cce.shtml
http://www.worldscinet.com/cce/cce.shtml
http://www.ipcc.ch
http://www.un.org/esa/dsd/dsd_aofw_cc/cc_index.shtml
http://beta.worldbank.org/climatechange/
http://en.wikipedia.org/w/index.php?title=World_Bank
http://www.imf.org/external/
http://www.iea.org/
http://www.oecd.org/env/cc
http://www.wto.org/english/tratop_e/envir_e/climate_intro_e.htm
http://www.wto.org/english/tratop_e/envir_e/climate_intro_e.htm
http://en.wikipedia.org/w/index.php?title=World_Trade_Organization
http://www.weforum.org/en/initiatives/ghg/index.htm
http://en.wikipedia.org/w/index.php?title=World_Economic_Forum
http://www.centrecournot.org/index.php/category/2008_the-economic-cost-of-climate-change
http://www.centrecournot.org/index.php/category/2008_the-economic-cost-of-climate-change
http://en.wikipedia.org/w/index.php?title=Thomas_Schelling
http://en.wikipedia.org/w/index.php?title=University_of_Maryland
http://en.wikipedia.org/w/index.php?title=Robert_Solow
http://en.wikipedia.org/w/index.php?title=MIT
http://en.wikipedia.org/w/index.php?title=Nicholas_Stern
http://en.wikipedia.org/w/index.php?title=London_School_of_Economics
http://en.wikipedia.org/w/index.php?title=University_of_Gothenburg
http://en.wikipedia.org/w/index.php?title=Martin_Weitzman
http://en.wikipedia.org/w/index.php?title=Harvard_University
http://info.worldbank.org/etools/BSPAN/PresentationView.asp?PID=2360&EID=1053
http://info.worldbank.org/etools/BSPAN/PresentationView.asp?PID=2360&EID=1053
http://en.wikipedia.org/w/index.php?title=William_Nordhaus
http://en.wikipedia.org/w/index.php?title=Yale_University
http://www.bu.edu/phpbin/buniverse/videos/view/?id=349
http://www.bu.edu/phpbin/buniverse/videos/view/?id=349
http://en.wikipedia.org/w/index.php?title=Frank_Ackerman
http://en.wikipedia.org/w/index.php?title=Boston_University
http://vimeo.com/7288409
http://en.wikipedia.org/w/index.php?title=Columbia_University


Low-carbon economy 272

Low-carbon economy
A Low-Carbon Economy (LCE) or Low-Fossil-Fuel Economy (LFFE)[1] is an economy which has a minimal
output of greenhouse gas (GHG) emissions into the biosphere, but specifically refers to the greenhouse gas carbon
dioxide. Recently, most of scientific and public opinion has come to the conclusion there is such an accumulation of
GHGs (especially CO2) in the atmosphere due to anthropogenic causes, that the climate is changing. The
over-concentrations of these gases is producing global warming that affects long-term climate, with negative impacts
on humanity in the foreseeable future.[2] Globally implemented LCE's therefore, are proposed as a means to avoid
catastrophic climate change, and as a precursor to the more advanced, zero-carbon society and renewable-energy
economy.

Rationale and aims
Nations seek to become low-carbon economies as a part of a national global warming mitigation strategy. A
comprehensive strategy to manage global warming is carbon neutrality, geoengineering and adaptation to global
warming.
The aim of a LCE is to integrate all aspects of itself from its manufacturing, agriculture, transportation and
power-generation etc. around technologies that produce energy and materials with little GHG emission; and thus,
around populations, buildings, machines and devices which use those energies and materials efficiently, and, dispose
of or recycle its wastes so as to have a minimal output of GHGs. Furthermore, it has been proposed that to make the
transition to an LCE economically viable we would have to attribute a cost(per unit output) to GHGs through means
such as emissions trading and/or a carbon tax.
Some nations are presently low carbon: societies which are not heavily industrialised or populated. In order to avoid
climate change on a global level, all nations considered carbon intensive societies and societies which are heavily
populated might have to become zero-carbon societies and economies. Several of these countries have pledged to cut
their emissions by 100% via offsetting emissions rather than ceasing all emissions (carbon neutrality); in other
words, emitting will not cease but will continue and will be offset to a different geographical area.

Energy policy

Renewable energy and energy efficiency

Worldwide installed wind power capacity
1997–2020 [MW], history and predictions. Data

source: WWEA [3]

Recent advances in technology and policy will allow renewable energy
and energy efficiency to play major roles in displacing fossil fuels,
meeting global energy demand while reducing carbon dioxide
emissions. Renewable energy technologies are being rapidly
commercialized and, in conjunction with efficiency gains, can achieve
far greater emissions reductions than either could independently.[4]

Renewable energy is energy which comes from natural resources such
as sunlight, wind, rain, tides, and geothermal heat, which are renewable
(naturally replenished). In 2008, about 19% of global final energy
consumption came from renewables.[5]

http://en.wikipedia.org/w/index.php?title=Economy
http://en.wikipedia.org/w/index.php?title=Biosphere
http://en.wikipedia.org/w/index.php?title=Carbon_dioxide
http://en.wikipedia.org/w/index.php?title=Carbon_dioxide
http://en.wikipedia.org/w/index.php?title=Anthropogenic
http://en.wikipedia.org/w/index.php?title=Renewable-energy_economy
http://en.wikipedia.org/w/index.php?title=Renewable-energy_economy
http://en.wikipedia.org/w/index.php?title=Global_warming_mitigation
http://en.wikipedia.org/w/index.php?title=Carbon_neutrality
http://en.wikipedia.org/w/index.php?title=Emissions_trading
http://en.wikipedia.org/w/index.php?title=Carbon_tax
http://en.wikipedia.org/w/index.php?title=Carbon_intensity
http://en.wikipedia.org/w/index.php?title=Carbon_offset
http://en.wikipedia.org/w/index.php?title=Carbon_neutrality
http://www.wwindea.org/
http://en.wikipedia.org/w/index.php?title=File:Total_Installed_Wind_Capacity_1197-2020_-MW-.jpg
http://en.wikipedia.org/w/index.php?title=Renewable_energy
http://en.wikipedia.org/w/index.php?title=Efficient_energy_use
http://en.wikipedia.org/w/index.php?title=Energy
http://en.wikipedia.org/w/index.php?title=Natural_resource
http://en.wikipedia.org/w/index.php?title=Sunlight
http://en.wikipedia.org/w/index.php?title=Wind
http://en.wikipedia.org/w/index.php?title=Rain
http://en.wikipedia.org/w/index.php?title=Tidal_energy
http://en.wikipedia.org/w/index.php?title=Geothermal_energy
http://en.wikipedia.org/w/index.php?title=Renewable_resource


Low-carbon economy 273

Solar array at Nellis Solar Power Plant. These
panels track the sun in one axis. Credit: U.S. Air
Force photo by Senior Airman Larry E. Reid Jr.

During the five-years from the end of 2004 through
2009, worldwide renewable energy capacity grew at
rates of 10–60 percent annually for many
technologies. For wind power and many other
renewable technologies, growth accelerated in 2009
relative to the previous four years.[6] More wind
power capacity was added during 2009 than any
other renewable technology. However,
grid-connected photovoltaics increased the fastest of
all renewables technologies, with a 60-percent annual
average growth rate for the five-year period.[6]

Energy efficiency gains in recent decades have been
significant, but there is still much more that can be
achieved. With a concerted effort and strong policies
in place, future energy efficiency improvements are
likely to be very large. Heat is one of many forms of
"energy wastage" that could be captured to
significantly increase useful energy without burning
more fossil fuels.[4]

Nuclear power and CCS

Nuclear power, or, the proposed strategies of carbon
capture and storage (CCS) have been proposed as the
primary means to achieve a LCE while continuing to
exploit non-renewable resources; there is concern, however, with the matter of spent-nuclear-fuel storage, security
and the uncertainty of costs and time needed to successfully implement CCS worldwide and with guarantees that the
stored emissions will not leak into the biosphere.

Primary Sector

Agriculture
Foodstuffs should be produced as close as possible to the final consumers (preferably within walking/cycling
distance). This will reduce the amount of carbon-based energy necessary to transport the foodstuffs. Consumers can
also buy fresh food rather than processed food, since carbon-based energy might be used to process the food.
Cooking presents another opportunity to conserve energy. Energy could be saved if farmers produced more foods
that people would eat raw.[weasel words][citation needed]
Also, most of the agricultural facilities in the developed world are mechanized due to rural electrification. Rural
electrification has produced significant productivity gains, but it also uses a lot of energy. For this and other reasons
(such as transport costs) in a low-carbon society, rural areas would need available supplies of renewably produced
electricity.[citation needed]
Irrigation can be one of the main components of an agricultural facility's energy consumption. In parts of California
it can be up to 90%.[7] In the low carbon economy, irrigation equipment will be maintained and continually updated
and farms will use less irrigation water.
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Crops

Different crops require different amounts of energy input. For example, glasshouse crops, irrigated crops, and
orchards require a lot of energy to maintain, while row crops and field crops don’t need as much maintenance. Those
glasshouse and irrigated crops that do exist will incorporate the following improvements:[8]

Glasshouse crops
• environmental control systems
• heat recovery using condensers
• heat storage using buffer tanks
• heat retention using thermal screens
• alternative fuels (e.g. waste wood)
• cogeneration (heat and power)
Irrigated arable crops
• soil moisture measurement to regulate irrigation
• variable speed drives on pumps

Livestock

Livestock operations can also use a lot of energy depending on how they are run. Feed lots use animal feed made
from corn, soybeans, and other crops. Energy must be expended to produce these crops, process and transport them.
Free-range animals find their own vegetation to feed on. The farmer may expend energy to take care of that
vegetation, but not nearly as much as the farmer who grows cereal and oil-seed crops.
Many livestock operations currently use a lot of energy to water their livestock. In the low-carbon economy, such
operations will use more water conservation methods such as rainwater collection, water cisterns, etc. and they will
also pump/distribute that water with on-site renewable energy sources (most likely wind and solar).
Due to rural electrification, most agricultural facilities in the developed world use a lot of electricity. In a low-carbon
economy, farms will be run and equipped to allow for greater energy efficiency. The dairy industry, for example,
will incorporate the following changes:[8]

Irrigated Dairy
• heat recovery on milk vats
• variable speed drives on motors/pumps
• heat recovery from hot water wash
• soil moisture measurement to regulate irrigation
• biodigester with cogen (heat & power)
• vat wrap
• solar water heating
• ripple control
• ice bank
• chemical substitute for hot water wash
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Hunting and Fishing
Fishing is quite energy intensive. Improvements such as heat recovery on refrigeration and trawl net technology will
be common in the low-carbon economy.[8]

Forestry
In the low-carbon economy, forestry operations will be focused on low-impact practices and regrowth. Forest
managers will make sure that they do not disturb soil based carbon reserves too much. Specialized tree farms will be
the main source of material for many products. Quick maturing tree varieties will be grown on short rotations in
order to maximize output.[9]

Mining
Flaring and venting of natural gas in oil wells is a significant source of greenhouse gas emissions. Its contribution to
greenhouse gases has declined by three-quarters in absolute terms since a peak in the 1970s of approximately 110
million metric tons/year and now accounts for about 1/2 of one percent of all anthropogenic carbon dioxide
emissions.[10] The World Bank estimates that 100 billion cubic meters of natural gas are flared or vented annually,
an amount equivalent to the combined annual gas consumption of Germany and France, twice the annual gas
consumption of Africa, three quarters of Russian gas exports, or enough to supply the entire world with gas for 20
days. This flaring is highly concentrated: 10 countries account for 75% of emissions, and twenty for 90%.[11] The
largest flaring operations occur in the Niger Delta region of Nigeria. The leading contributors to gas flaring are (in
declining order): Nigeria, Russia, Iran, Algeria, Mexico, Venezuela, Indonesia, and the United States.[12]

Secondary Sector

Basic metals Processing
• high efficiency electric motors
• induction furnaces
• heat recovery

Nonmetallic product Processing
• variable speed drives
• injection molding - replace hydraulic with electric servo motors

Wood Processing
• high efficiency motors
• high efficiency fans
• dehumidifier driers

Paper and Pulp Making
• variable speed drives
• high efficiency motors
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Food Processing
• high efficiency boilers
• heat recovery e.g. refrigeration
• solar hot water for pre-heating
• bio fuels e.g. tallow, wood

Tertiary Sector

Retail
Retail operations in the low-carbon economy will have several new features. One will be high efficiency lighting
such as compact fluorescent, halogen, and eventually LED light sources. Many retail stores will also feature roof-top
solar panel arrays. These make sense because solar panels produce the most energy during the daytime and during
the summer. These are the same times that electricity is the most expensive and also the same times that stores use
the most electricity.[13]

Transportation Services
• More energy efficiency and alternative propulsion:

• Increased focus on fuel efficient vehicle shapes and configurations, with more vehicle electrification,
particularly through plug-in hybrids.

• More alternative and flex-fuel vehicles (based on local conditions and availability)
• Driver training for more fuel efficiency.
• Low carbon-biofuels cellulosic (biodiesel, bioethanol, biobutanol )
• Petroleum fuel surcharges will be a more significant part of consumer costs.

• Less international trade of physical objects, despite more overall trade (as measure by value of goods)
• Greater use of marine and electric rail transport, less use of air and truck transport.
• Increased bicycle and public transport usage, less reliance on private motor vehicles.
• More pipeline capacity for common fluid commodities such as water, ethanol, butanol, natural gas, petroleum,

and hydrogen (in addition to gasoline and diesel).
See [14] [15] [16]

Health Services
There have been some moves to investigate the ways and extent to which health systems contribute to greenhouse
gas emissions and how they may need to change to become part of a low-carbon world. The Sustainable
Development Unit[17] of the NHS in the UK is one of the first official bodies to have been set up in this area, whilst
organisations such as the Campaign for Greener Healthcare [18] are also producing influential changes at a clinical
level. This work includes
• Quantification of where the health services emissions stem from.
• Information on the environmental impacts of alternative models of treatment and service provision
Some of the suggested changes needed are:
• Greater efficiency and lower ecological impact of energy, buildings, and procurement choices (e.g. in-patient

meals, pharmaceuticals and medical equipment).
• A shift from focusing solely on cure to prevention, through the promotion of healthier, lower carbon lifestyles,

e.g. diets lower in red meat and dairy products, walking or cycling wherever possible, better town planning to
encourage more outdoor lifestyles.

• Improving public transport and liftsharing options for transport to and from hospitals and clinics.
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Initial steps
Internationally, the most prominent early step in the direction of a low-carbon economy was the signing of the Kyoto
Protocol, which came into force on February 16, 2005, under which most industrialized countries committed to
reduce their carbon emissions.[19] [20] Importantly, all member nations of the Organization for Economic
Co-operation and Development except the United States have ratified the protocol.

Countries

Costa Rica

Costa Rica sources much of its energy needs from renewables and is undertaking reforestation projects. In 2007 the
Costa Rican government announced the commitment for Costa Rica to become the first carbon neutral country by
2021.[21] [22] [23]

Iceland

Iceland began utilising renewable energy early in the 20th century and so since has been a low-carbon economy.
However since dramatic economic growth, Iceland's emissions have increased significantly per capita. As of 2009,
Iceland energy is sourced from mostly geothermal energy and hydropower, renewable energy in Iceland, and since
1999, has provided over 70% of the nation's primary energy and 99.9% of Iceland's electricity.[24] As a result of this,
Iceland's carbon emissions per capita are 62% lower than those of the United States[25] despite using more primary
energy per capita,[26] due to the fact that it is renewable and thus limitless and costs Icelanders almost nothing.
Iceland seeks carbon neutrality and expects to use 100% renewable energy by 2050 by generating hydrogen fuel
from renewable energy sources.

Australia

Australia has implemented schemes to start the transition to a low carbon economy but carbon neutrality has not
been mentioned and since the introduction of such scheme emissions have increased. The current government has
mentioned the concept but has done little and has pledged to lower emissions by 5-15%. In 2001, The Howard
Government introduced a Mandatory Renewable Energy Target (MRET) scheme. In 2007, the Government revised
the MRET - 20 per cent of Australia's electricity supply to come from renewable energy sources by 2020. In 2009,
the Rudd Government will legislate a short-term emissions reduction target, another revision to the Mandatory
Renewable Energy Target as well as an emissions trading scheme. Renewable energy sources provide 8-10% of the
nation's energy and this figure will increase significantly in the coming years. However coal dependence and
exporting conflicts with the concept of Australia as a low-carbon economy. Carbon neutral businesses have received
no incentive; they have voluntarily done so. Carbon offset companies offer assessments based on life cycle impacts
to businesses that seek carbon neutrality. The Carbon Reduction Institute [27] is one such offset provider, that has
produced a Low Carbon Directory [28] to promote a low carbon economy in Australia.

China

In China, the city of Dongtan is to be built to produce zero net greenhouse gas emissions.[29]

Chinese State Council has announced its aim to cut China's carbon dioxide emission per unit of GDP by 40%-45% in
2020 from 2005 levels.[30]

United Kingdom

In the United Kingdom, the Climate Change Act outlining a framework for the transition to a low-carbon economy
became law on November 26, 2008. This legislation requires a 80% cut in the UK's carbon emissions by 2050
(compared to 1990 levels), with an intermediate target of between 26% and 32% by 2020.[31] Thus, the UK became
the first country to set such a long-range and significant carbon reduction target into law.
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A meeting at the Royal Society on 17–18 November 2008 concluded that an integrated approach, making best use of
all available technologies is required to move towards a low carbon future. It was suggested by participants that it
would be possible to move to a low carbon economy within a few decades, but that 'urgent and sustained action is
needed on several fronts'.[32]

United States

Low Carbon Economy Act of 2007.[33]

Cities
Companies are planning large scale developments without using fossil fuels. Development plans such as those by
World Wide Assets LLC for entire cities using only geothermal energy for electricity, geothermal desalination, and
employing full recycling systems for water and waste are under development (2006) in Mexico and Australia.

Education
The University of Edinburgh has a Carbon Management [34] MSc. As well as a Carbon Finance MSc.
The University of East Anglia has a Strategic Carbon Management MBA.
The myclimate climate education[35] offers capacity building tools like exhibitions, games, schoolbooks and courses
for young people, adults and businesses.
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