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1.1 The Climate Change Debate
In part, this discussion is a companion to another discussion
entitled ‘Brave New Worlds’ that considers the future of
humanity. One aspect of this future will undoubtedly depend on
the development of energy technology, which might be
impacted by the climate change debate. While the cartoon is
possibly too biased towards a certain inference, it is possible
that climate change has become ‘big business’ and the focus of
much money, not only in terms of research funding, but also
the job security for many thousands of others.
But what is still being debated?
Today, the headline news appears to suggest that the climate
change debate is over as 95% of climate scientists support the
idea that greenhouse gas emissions, predominately carbon
dioxide (CO2), produced by humanity since the industrial revolution, are the root cause of global climate change.
This effect will then produce temperature increases that will ultimately trigger a series of disastrous climatic
changes in a matter of decades. In summary, this appears to be the general conclusion of the Intergovernmental
Panel on Climate Change (IPCC), which is an international body for the assessment of climate change. It was
established by the United Nations Environment Programme (UNEP) and the World Meteorological Organization
(WMO) in 1988 with the stated aim of providing the world with a clear scientific view of the current state of
knowledge in climate change and its potential environmental and socio-economic impacts.
How did the IPCC undertake this task?
The IPCC usually produces a report every 5-years or so based on a summary of observations of various climate
factors, the role of the greenhouse effect and gases, especially CO2, plus the scope of human induced climate
change. However, many of the IPCC findings are essentially predicated on climate models, which are assumed to
estimate:
•
•
•
•

Future temperature rises
Humanities influence on climate change; with and without greenhouse gases
The impact of future changes on extreme weather events
And finally reverse-engineer current data back to align with pre-industrial data.

Of course, as in all fields of science, models are by definition a simplification of the real world and this might be
especially true for all climate models given the obvious complexity of the Earth’s climate systems. In this respect,
the certainty implied by the 95% consensus figure appears somewhat at odds with the statements given in the
many IPCC reports that appear to highlight certain reservations about the accuracy of its climate models and the
poor levels of scientific understanding on which aspects of these models have been constructed.
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Note: In practice, these reservations are usually confined to the full IPCC 7000-page reports and do not
necessarily get highlighted in the IPCC’s 30-page report for policy makers, which only summarise the results
in terms of the estimated future temperatures, extreme weather events and mankind’s overall influence on
temperature. Unfortunately, much of the media, and Internet sources, only tends to highlight the most
sensational implications of the summary reports, e.g. world’s major cities to be under water by 2100.
But surely the weight of authority of a 95% consensus is overwhelming?
The Mysearch website has often cited an essay by William Clifford entitled 'The Ethics of Belief' and while written
in 1877, Clifford argued that ‘it is wrong always, everywhere, and for anyone, to believe anything on insufficient
evidence’. While this argument is assumed to still be valid today, possibly more so in a world being filled with fake
news, it must be applied to both sides of the debate.
Note: Clifford’s argument might be said to rests on three supporting guidelines. 1) A duty of inquiry, which
prefers doubt to simple acceptance and believe. 2) A weight of authority provided there are grounds for
supposing that they know the facts in so far as they may be known. 3) Limits to inference, such that
knowledge may only be extrapolated when it does not contradict what we already know.
As such, this discussion is simply undertaking a personal duty of inquiry, where the weight of authority may include
experts from both sides of the debate, see Appendix-A and Appendix-B for more details. However, we will start
with an inference that the predictions of today’s climate models need to be questioned more closely, both in terms
of method and accuracy. In 2014, Steven Koonin published an article in the Wall Street Journal entitled ‘Climate
Science Is Not Settled’ from which the following extract is taken.
“The crucial scientific question for policy isn’t whether the climate is changing. That is a settled matter: The
climate has always changed and always will. Nor is the crucial question whether humans are influencing the
climate. That is no hoax: There is little doubt in the scientific community that continually growing amounts
of greenhouse gases in the atmosphere, due largely to carbon-dioxide emissions from the conventional use
of fossil fuels, are influencing the climate. There is also little doubt that the carbon dioxide will persist in the
atmosphere for several centuries. The impact today of human activity appears to be comparable to the
intrinsic, natural variability of the climate system itself. Rather, the crucial, unsettled scientific question for
policy is: How will the climate change over the next century under both natural and human influences?”
As far as this discussion is concerned, this does not appear to be an unreasonable summary from which to proceed
as it does not deny climate change nor the fact that excessive CO2 can influence the climate. However, it does
table a question concerning the scope of change that can be attributed to natural and man-made causes. While
this discussion does not have the weight of authority to definitively answer this question, it is entitled to carry out
its own duty of inquiry rather than just accepting the current consensus.
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1.1.1 Scope of Climate Change
The scope of the climate change debate is complex
and includes issues that extend beyond the science
and encompasses both the politics and the
economics of climate change plus the self-interest
of individuals and nation-states. While it is
recognised that this entire discussion cannot hope
to address the scope of all this complexity, it might
initially attempt to outline some of the issues by
way of various linked references. As will be stated
on several occasions throughout this entire
discussion, the goal is not to deny that climate
change is happening or to suggest that man-made
greenhouse gases do not contribute to the climate change, but rather provide a general assessment of the scope
and causes of climate change. In the initial context of science, it might be said that climate change started out as a
relatively one-dimensional debate centred around an increasing realisation that certain gases in the atmosphere
could create a greenhouse effect, which might then lead to some degree of global warming. However, growing
knowledge of the greenhouse effect was then combined with the history of the industrial revolution to highlight
that humanity had been adding increasing amounts of greenhouse gases to the atmosphere, primarily in the form
of carbon dioxide (CO2), for over a century. In the first section of the timeline to follow, we see the growing
awareness of the science that supported the idea that greenhouse gases could lead to a global warming.
•

1824: Physicist Joseph Fourier describes the greenhouse effect.

•

1861 - Physicist John Tyndall shows that water vapour and certain other gases create the greenhouse effect.

•

1896: Chemist Svante Arrhenius concludes that industrial-age coal burning has increased the natural
greenhouse effect, although he also suggested that this might be beneficial for future generations.

•

1900: Physicist Knut Angstrom discovers that small concentrations of CO2 strongly absorb parts of the infrared
spectrum and that even a trace gas can produce greenhouse warming.

•

1938: Engineer Guy Callendar uses records from 147 weather stations around the world to show that
temperatures had risen over the previous century. He also shows that CO2 concentrations had increased over
the same period and suggested this caused the warming.

•

1955: Physicist Gilbert Plass analyses the infrared absorption of various gases and concluded that doubling
CO2 concentrations would increase temperatures by 3-4C.

•

1957: Oceanographer Roger Revelle and chemist Hans Suess showed that seawater will not absorb all the
additional CO2 entering the atmosphere, as many had assumed.
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Of course, these were early days in the developing climate change debate, before the problem of claim and
counter-claims of scientists, economists, politicians and all manner of lobbyists possibly added confusion rather
than clarity to the debate. Today, based on hindsight, we might realise that the science of climate change was
initially limited in scope, such that before moving onto the next section of the timeline, we possibly need to
consider the developing perception of climate change in the minds of the public and politicians, who would come
to frame the debate. From the 1960’s onwards, the notion of climate change, or global warming at it was initially
presented, started to become an increasing issue of public concern. However, it might be argued that initial public
concern over the greenhouse effect was also entwined with the wider issue of environmental pollution, which also
included an obvious concern about nuclear war at that time. A growing anti-nuclear lobby would then expand the
nuclear concern to encompass nuclear proliferation of any description, i.e. inclusive of nuclear energy, especially
after the accidents at 3-Mile Island in 1979 and Chernobyl in 1986. However, it is possible that the public did not
initially consider global warming as an immediate threat, simply a longer-term concern mixed up with the idea of
growing environmental pollution. This said, the initial public concern and increasing lobbying by environmental
groups was sufficient to put the issue of global warming on the political agenda, which would eventually be
transformed into the climate change debate that continues to this day.
•

1965: US advisory committee warns that the greenhouse effect is a matter of real concern.

•

1972: First UN environment conference after which the United Nations Environment Programme is formed.

•

1975: Scientist Wallace Broecker introduces the term ‘global warming’ in the title of a scientific paper.

•

1987: Montreal Protocol agrees to restrict chemicals that damage the ozone layer, although not directly linked
to climate change at that time.

•

1988: The IPCC is formed to collate and assess evidence on climate change.

•

1989: UK Prime Minister Margaret Thatcher calls for a global treaty on climate change. However, some
suspected that her support of nuclear energy was a way to curtail the power of the National Union of Miners.
In this context, her initial support of the climate change argument might be seen in terms of the fact that
nuclear energy also has a small CO2 footprint.

•

1990: IPCC first assessment report concluded that temperatures had risen by 0.3-0.6C over the last century
and that humanity's emissions were adding to the greenhouse effect leading to global warming.

•

1992: Earth Summit in Rio de Janeiro agree the United Framework Convention on Climate Change. Its key
objective was to stabilise greenhouse gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic climate change. Developed countries agree, in principle, to return their emissions to
1990 levels, although history suggests this never happened.

•

1995: IPCC second assessment report concluded that the evidence highlighted a human influence on the
Earth's climate.
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•

1997: Kyoto Protocol agreed a ‘pledge’ for developed nations to reduce emissions by an average of 5% by the
period 2008-12, but with wide variations on targets for individual countries. US Senate immediately declares it
will not ratify the treaty. Again, history suggests that this agreement had little effect on CO2 emissions.

•

1998: Publication of the controversial ‘hockey stick’ graph indicating that modern-day temperature rise in the
northern hemisphere is unusual compared with the last 1,000 years. The controversy over the graph would
later be the subject of two enquiries instigated by the US Congress.

•

2001: US President George W Bush removes the US from the Kyoto process.

•

2001: IPCC third assessment report finds new and stronger evidence that humanity's emissions of greenhouse
gases are the main cause of the warming seen in the second half of the 20th Century.

•

2005: Kyoto Protocol becomes international law. However, US, China and India are not bound by this protocol.

•

2006: The Stern Review concludes that climate change could damage global GDP by up to 20% if left
unchecked, but prevention would cost about 1% of global GDP. This review has subsequently been questioned.

•

2007: IPCC fourth assessment report concluded that it is more than 90% likely that humanity's emissions of
greenhouse gases are responsible for modern-day climate change.

•

2007: IPCC and former US vice-president Al Gore receive the Nobel Peace Prize for their efforts to build up and
disseminate greater knowledge about man-made climate change, and to lay the foundations for the measures
that are needed to counteract such change. See ‘An Inconvenient Truth’ and criticisms.

•

2007: ‘Bali roadmap’ aimed to agree a new global treaty on climate change by the end of 2009, although the
text did not specify or mandate emissions targets and was not legally binding.

•

2008: The Keeling project showed CO2 concentrations rising from 315pmm in 1958 to 380ppm in 2008.

•

2009: China overtakes the US as the world's biggest greenhouse gas emitter, although the US remains well
ahead on a per-capita basis.

•

2009: Computer hackers download a huge tranche of emails from a server at the University of East Anglia's
Climatic Research Unit and release some on the internet, leading to the ‘Climate-Gate affair’.

•

2009: 192 governments convene for the UN climate summit in Copenhagen with expectations of a new global
agreement, but leave only with a controversial political declaration known as the ‘Copenhagen Accord’.

•

2010: Developed countries begin contributing to a $30bn, three-year deal on ‘Fast Start Finance’ to help them
‘green’ their economies and adapt to climate impacts.
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•

2010: A series of reviews into ‘Climate-Gate’ and the IPCC ask for more openness, but clear scientists of
malpractice.

•

2011: New analysis of the Earth's temperature record by scientists concerned over the ‘Climate-Gate’
allegations prove the planet's land surface has warmed over the last century.

•

2011: Data shows concentrations of greenhouse gases are rising faster than in previous years.

•

2012: Arctic sea ice reaches a minimum extent of 3.41 million square kilometres, a record for the lowest
summer cover since satellite measurements began in 1979. Antarctic sea ice is questioned.

•

2013: The Mauna Loa Observatory reports that the daily mean concentration of CO2 in the atmosphere has
surpassed 400ppm for the first time since measurements began in 1958.

•

2013: IPCC fifth assessment report states that scientists are 95% certain that humans are the dominant cause
of global warming since the 1950s.

By 2016, the Paris climate accord had outlined its plan to deal with greenhouse gas emissions in terms of
mitigation, adaptation and finance to start in 2020 to which 195 members signed up to support. The goal of this
plan was to limit the global temperature rise in the 21st century to 2oC below pre-industrial levels, although there
was no agreement or mechanism to force a nation-state to comply with any specific target by any given date.
Later, in 2017, newly elected US President, Donald Trump, announced his intention to withdraw the US from the
Paris agreement on the grounds that it would undermine the US economy.
Note: Today, we might realise that the climate change debate is not just about the science, although this will
be the main focus of the following discussions, as it is compounded by global and national economics that
can directly affect public opinion and politics. We might also realise that the climate change debate now
encompasses many competing interests of ‘big business’ from fossil fuels to renewable energy, but which
may also impact the public by threating job security in many sectors of the economy and may include wider
national security concerns.
We might consider the suggestion in the note
above in terms of the projected energy
consumption of the US, China and India, where
China has now become the world’s largest energy
consumer, as well as the world’s largest emitter of
CO2, where coal consumption is up 157% since
2002, such that they now consume over 50% of the
world’s coal, while oil consumption has also
doubled over the same time period. Therefore, it
may not be entirely cynical to question the difference between what politicians say and what politicians do,
especially in terms of global politics. In addition to the chart above, it might be worth highlighting that just 6
nation-states are responsible for over 60% of global CO2 emissions with China and the US accounting for more
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than 40%. However, China alone accounts for ~30% of global CO2 emissions, which is nearly twice the amount of
the US, although much less on a per capita basis. So, despite China’s support of the Paris accord, it is estimated
that China will double its CO2 emissions by 2040, barring any major change in its energy policy, which might then
have knock-on effects on its economic growth. For China’s economy is still heavily reliant on fossil fuels for its
electricity supplies, which is critical to many of its key industries, e.g. steel production, such that it may be
reluctant to set any firm targets for CO2 emissions. However, while much attention might rightly be focused on
China and the US, India also ranks third in global CO2 emissions table, even though 300 million of its people still
live without electricity. Today, India is one of the world’s fastest-growing coal consumers, despite its stated
ambition to increase electricity production from renewable source to 40% by 2030.
So what about the developing economies?
Today, many developing economies cannot sustain themselves, let alone initiate growth, without relying heavily
on fossil fuels. As such, the issue of climate change might be considered as a case where the most urgent and
immediate issues will be prioritised over other important, but possibly longer-term issues. If so, the developing
economies may continue to prioritise their struggle to simply feed, house and provide employment for their
growing populations. In this context, many of the developing economies may continue to view fossil fuels as the
cheapest and most reliable energy resources available to them for many years to come. In the case of India with a
population of 1.2 billion, it is estimated that 400 million people have insufficient food or shelter. So, while India
may hope to transition to renewable energy depending on economic growth, the investment needed to meet its
renewable energy goals is over four times its annual defence spending and over ten times its annual spending on
health and education. Therefore, unless other changes occur within the global economy and the politics that often
seeks to manipulate it, economies like India may not perceive climate change as their top priority in the face of the
growing aspiration of its population for a better life. Equally, while China may now be perceived to be a major
economy, a large percentage of its population are still poor by western standards, but may also aspire to a better
life that may only be achieved by increasing energy consumption as suggested in the previous chart. As such, the
scope of the climate change debate has to be considered in a much wider context than science in isolation.
Therefore, the current IPCC projections, primarily based on climate models, have not only to be scrutinised in
terms of their accuracy, but also in terms of the impact on both developed and developing nation-states.
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1.1.2 History of Climate Change
We shall start with a relatively non-contentious idea that climate change has been happening on planet Earth for a
very long time. We might then describe the extremes of climate change in terms of a series of ice-ages, which
extend back in geological time long before humans were around to influence the global climate. Of course, while
we will need to better understand why such extremes of climate change occurred, we possibly need to outline the
overall scope of successive ice-ages. The table below defines the major ice-ages interspersed by more temperate
periods, where all figures are in millions of years calculated from the present time.
Age
Huronian

Start
2400

Duration
300

temperate
Cryogenian
temperate
Andean-Saharan
temperate
Karoo

2100
850
636
460
420
360

1250
214
176
40
60
100

temperate

260

257.42

Quaternary

2.58

2.58

Cold
300

Warm
1250

214
176
40
60
100
257.42
2.58
656.58

1743.42

While some of these ice-ages lasted millions of years, the evolution of life on planet Earth has also been supported
by longer periods of more temperate climates. As a general definition, an ice age is a period of long-term reduction
in the temperature of Earth's climate, which results in an expansion of the northern and southern polar ice sheets,
but not necessarily to the same degree. However, an ice-age may also include cycles of colder and warmer periods
known as glacial and interglacial epochs, which correspond to glaciers advancing and retreating respectively.
However, what might not be obvious from the table above is that we are still living in the ‘quaternary’ ice-age,
such that we need to provide a little more detail, where the figures in the next table are now in thousands of years
from present time.
Ice-Age

Epoch

Type

Start

End

Duration

Quaternary

Pleistocene
Holocene

Glacial
Interglacial

2580
11.7

11.7
0

2568.3
11.7

In terms of the geological time of planet Earth, which covers some 5 billion years, the evolution of life is assumed
to have started from single-cell organisms, possibly as long ago as 3.8 billion years. Then, somewhere in the
temperate period after the Huronian ice-age, life evolved to take on multi-cell forms, which in the Cambrian era
exploded in diversity, some 550 million years ago. Again, we might recognise that this was in another temperate
period after the Cryogenian ice-age. Of course, the evolution of life has many chapters, such that we need to
jump forward to the start of quaternary ice-age in which some of the earliest hominoids started to appear in Africa,
presumably far from the advancing glaciers of the Pleistocene epoch. However, we know that earliest
homo-sapiens may have started to migrate out of Africa hundreds of the thousands of years ago long before the
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interglacial retreat of the Holocene epoch. However, the main exodus towards Europe, which would have still been
in the grip of the Pleistocene glacial epoch, is assumed to have taken place around 70,000 years ago. At this time,
the harsh climate conditions in the northern hemisphere may have acted as another natural selection criterion to
which many other species succumbed, but humanity possibly survived by using its intelligence. In this respect, one
of the key differences between life and death was possibly the ability to light fires to stay warm and cook food.
Note: In the context of the present-day debate about climate change, it is possible that those of us lucky
enough to be the beneficiaries of an earlier industrial era, in which fossil fuels were increasingly used, may
sometimes forget our ongoing dependency on ever more energy. Therefore, even if CO2 was the only driver
of present-day climate change, any solution to reduce CO2 cannot be at the expense of increasing energy
demands, especially those in developing countries, who may not have access or be able to afford the cost of
renewable sources of energy. As such, the CO2 debate is not just a climate change problem for scientists to
solve, but also a humanitarian problem with social, economic and political consequences.
We know that humanity continued its expansion into the current Holocene epoch, which began after the
Pleistocene epoch ended, some 11,500 years ago. We might also assume that the warmer periods within the
Holocene interglacial epoch, which saw the glaciers in the northern hemisphere retreat, also helped support the
expansion of humanity in many geographic regions. Of course, the development of successive civilizations would
also ultimately lead towards a global urbanisation, which now defines much of the developed world, where 80% of
its energy dependency is still based on the use of fossil fuels. However, we have jumped over a lot of climate
change history, which may be relevant to the debate, where all figures in the following table are now in years.
Epoch
Pleistocene

Holocene

Transition
Glacial Epoch
Younger Dryas
Interglacial Epoch
Climatic Optimum
Cyclic Changes

Start
2,580,000
12,800
11,500
9,000
5,000

End
12,800
11,500
9,000
5,000
1,060

Duration
2,567,200
1,300
2,500
4,000
3,940

Comments
Last glacial maxima
Interglacial transition halted
Initial warming transition
Human civilisation flourish
To 950CE: Increasing climate changes

Medieval Anomaly
Transition period
Little Ice-Age

1,060
760
660

760
660
160

300
100
500

950-1250CE: Warmer than today
1250-1350CE: More extreme weather
1350-1850CE

At the end of the last glacial epoch, it is estimated that the average temperature was anywhere between 5-20oC
lower than today across various geographies, while the huge volume of water locked up in the polar ice-caps may
have lowered sea-levels by up to 120 metres. However, after humanity transitioned into the Holocene epoch, it
was to become a beneficiary of some 4000 years of relatively benign climate conditions known as the ‘Holocene
climate optimum’, which may have seen average temperatures 1-2oC higher than today, although this was not
uniform across all geographies and latitudes. We might also realise that the warming conditions started to melt
huge volumes of polar ice, which then caused sea-levels to start rising, although this trend was sometimes
reversed during a period of cyclic change between 5000-1060 years ago. Again, as we enter the period known as
the ‘Medieval anomaly’ temperatures had stabilised and estimated to possibly have been warmer than today.
Finally, we see the start of a period called the ‘Little Ice-Age’, which lasted some 500 years up until 1850 in the
common era (CE). During this period, many geographies in the northern hemisphere experienced much colder
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climates than today and, in some regions, glaciation started to advance, while in Northern Europe, agriculture
became increasingly difficult.
But what else might all these climate cycles be telling us?
In the context of the Holocene epoch of the last 11,500 years, we can see multiple periods of warming and cooling
of the Earth’s climate, which predates any significant impact of human industrialisation, i.e. CO2 emissions.
However, we now know that CO2 concentration have increased by about 40% since 1750CE, i.e. from 280 to
390ppm, although it is not clear that we know how much the world would have warmed if CO2 levels had not
changed. For, in some respect, the ending of the ‘little ice-age’ could simply be representative of one of the many
cycles between colder to warmer climates, as seen throughout the Holocene epoch.
Note: While we will not immediately address the issue outlined above, we might note that current IPCC
climate models have not necessarily always been accurate in their temperature projections, such that it is
not unreasonable to still question the actual causes of climate change since 1750CE. For while a 40%
increase in atmospheric CO2 may seem significant, it only represents a 0.011% change to the composition of
the Earth’s atmosphere over the last 250 years or so.
If we put the issue of CO2 levels to one side for the moment, it is clear from this outline of the different ice-ages,
especially in terms of the more detailed outline of the Holocene epoch, climate change has occurred without any
help from humanity. If so, then other mechanisms must be at work that require further understanding. However,
before attempting to address this issue, the next discussion will return to some of the wider implications of
enforcing CO2 reductions on today’s global population, because as previously suggested, humanity is now very
dependent on energy, mainly produced using fossil fuels. For energy has come to underpin all aspects of
modernity, such that its cost and availability have social, political and economic implications, where any failure to
meet increasing demand, especially in developing economies, may contribute to even more global instability.
1.1.3 Energy Dimensions
As suggested at the end of the previous discussion, humanity is now very dependent on energy, which permeates
all aspects of the modern world, especially in the developed economies. The following chart simply provides a
breakdown of energy usage, although it does not really reflect the dependency of the global economy or the
political stability of nation-states on the increasing use of energy.
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Of course, the usage of energy has undoubtedly come at a price of increased CO2 emissions, which we might
characterise in terms of the next chart. Here the figures on the left are in millions of tonnes of CO2 shown for each
sector on the right. While each sector is contributing to increasing CO2 emissions, they are all dependent on
energy production. However, we might now begin to see the scope of the problem of negating the 40% increase in
CO2 level since 1750, as it would appear to require a solution that addresses the issue across so many different
sectors

Of course, energy usage also depends on energy production and the following energy projection was produced by
the US Energy Information Administration in 2013, which can be cross-referenced on Wikipedia for more details.
While all sorts of changes might affect this project, for the purposes of this discussion, we shall assume that it is a
reasonable starting point.

In the chart above, we might realise that the percentage use of fossil fuels does not change appreciably, even
when extrapolated out to 2040, i.e. 78% compared to 15% in the form of renewables. However, we might question
this breakdown a little further using the next chart, which uses slightly different percentages, but provides more
details of the scope of renewable energy sources. As this issue is discussed in more detail under the heading ‘Brave
New Worlds’, it will simply be stated that of the 10-15% contributed by renewables to the total, only about 3%
might be directly linked to solar and wind, although it might be accepted that this will grow in the future.
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Of course, if we accept the argument that technology is accelerating, we might also have to consider a more
optimistic breakdown of the renewable contribution, although this is only a possibility not a certainty. However,
even if new technological break-throughs were achieved in the developed economies in the coming decades, we
might still have to accept a time-lag before such break-throughs were fully deployed, especially in the developing
economies. The next chart now shows the 2014 CO2 emissions, which we might correlate to energy use, against
GDP/capita for a spread of economies, where it is highlighted that both axes are plotted on logarithmic scales.

So, on the vertical logarithmic scale of CO2 emissions, we can see that prosperous economies may easily be
producing over 100 times the amount of CO2 than poor economies. However, the horizontal logarithmic scale of
GDP/capita suggests that prosperity has, at least historically, only been achieved when CO2 emissions are
increased. Therefore, we might conclude from this outline that technology has to provide a CO2 solution across all
sectors outlined, while maintaining economic growth. Of course, for those on the low-end of this prosperity scale,
the increased use of fossil fuels may appear as the only solution for a better life, provided they can develop the
necessary large-scale production and distribution infrastructures. In this respect, the previous success of the earlier
industrial revolution might appear as an obvious model to follow. So, unless the developed economies help, or
conspire against, the developing economies, they may actually increase their CO2 emission by orders of magnitude
in the coming decades, especially if we factor in their higher birth rates.
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1.1.4 Energy from the Sun
Clearly, we might recognise that almost every process on Earth may trace back its energy to the Sun. Therefore,
this discussion will attempt to outline some of the keys mechanisms that might affect the amount of energy
received on Earth from the Sun prior to a wider discussion of other possible climate change mechanisms. Based on
actual measurements, it is known that the Earth receives about 1372 watts/m2 at the top of its atmosphere.
However, the actual average amount that arrives at the Earth’s surface is a little more complicated, but not
necessarily impossible to outline for the purposes of this discussion. We will start by trying to substantiate the
figure above based on the figure of 6.33*109 W/m2 as the average energy output of the Sun itself without
reference to any variance associated with an 11-year solar cycles and changes in sunspot activity.
[1]

W
m2

=

6.33 *107 * Sun ' s surface area
2

4 * ( Earth orbit )

=

6.33 *107 * 6.09 *1018
2

4 * (149.6 *109 )

= 1.372 *103 W / m2

The form of the equation in [1]
conforms to the inverse square law of
radiated energy being distributed on a
spherical surface, defined by 4πr2,
where [r] is the radius of Earth’s
average orbital distance from the Sun.
However, the figure of 342W/m2 in the
following diagram is a somewhat crude
approximation, where half the 1372
watts/m2 of energy is first averaged
out over a 24-hour night-day cycle and
then halved again to make another
approximation of the energy averaged
over all latitudes in order to account for the curvature of the Earth towards the Sun. These figures will be discussed
further below. As illustrated in the diagram, the energy in W/m2 received at the Earth’s surface is subject to a
number of further complications, which will be considered further in the next discussion. However, it might be
realised that the figure of 342W/m2 might distort the actual variance of the sun’s energy at any point on Earth,
which may range between near-zero at night at the poles through to 1372W/m2 on a sunny cloudless day near the
equator. Unfortunately, the complication does not stop there as the Earth is known to have an elliptical path in its
yearly orbit around the Sun, i.e. as defined by the aphelion and perihelion. So, while [1] is based on the average
orbital radius of 149.6 million kilometres, it extends to 152.1 million kilometres at the aphelion and reduces to
147.1 million kilometres at the perihelion. As such, we might account for this variance in [2].
aphelion

[2]

W

=

2

m

perihelion

W
2

m

=

6.33 *107 * 6.09 *1018
2

4 * (152.1 *109 )

6.33 *107 * 6.09 *1018
2

4 * (147.1 *109 )

= 1.328 *103 W / m2

= 1.418 *103 W / m2
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The following table provides a little more detail in terms of both the radial distance and received energy and the
variance of both throughout the yearly cycle between aphelion and perihelion.
Earth

Radius

%

delta

W/m2

%

delta

Average

1.496E+11

100.00%

0.00%

1.371E+03

100.00%

0.00%

aphelion
perihelion

1.471E+11
1.520E+11

98.33%
101.60%

-1.67%
1.60%

1.418E+03
1.328E+03

103.43%
96.87%

3.43%
-3.13%

In terms of [2] and the table above, we see an ±1.6% variance in the Earth’s orbital radius being converted into an
approximate ±3% variance in the energy received from the Sun over one years, due to the inverse square law.
However, over the same time, i.e. one year, the Earth's axial tilt of 23.4o, changes the effective angle of latitude of
any point on Earth with respect to the Sun, such that the angle presented to the Sun changes by ±23.4o over the
year. Again, we might approximate the change in energy intensity as the Earth orbits the Sun.
[3]

I ' = I * Cos( ) = 1372 * Cos ( latitude  tilt )

Due to the Earth’s axial tilt, the solstice is the point during the Earth's orbit where the sun is at its greatest distance
from the equator, while the equinox is the point of the closest distance from the equator. Based on [3], we might
calculate the change in W/m2 at the equator and poles over the yearly orbit.

[4]

Equator I ' = 1372 * Cos(23.4) = 1372  1259W / m2
Poles

I ' = 1372 * Cos(90)  1372 * Cos(66.6) = 0  545W / m2

The change in the energy intensity [I] to [I’] is due to the distribution of energy over an increase area as the
latitude angle [Φ] is increased towards the pole, although this angle affectively changes with the seasons due to
the axial tilt (23.4o), which we might simply tabulate for reference as follows.
I

1372

Φ
0.0
10.0

Radians
0.000
0.175

Cos(Φ)
1.000
0.985

I'
1372
1351

%
100%
98%

20.0
30.0
40.0
50.0
60.0
70.0

0.349
0.524
0.698
0.873
1.047
1.222

0.940
0.866
0.766
0.643
0.500
0.342

1289
1188
1051
882
686
469

94%
87%
77%
64%
50%
34%

80.0
90.0

1.396
1.571

0.174
0.000

238
0

17%
0%
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As such, we appear to have 2 factors that affect the amount of energy being received by the Earth during the year
due to the elliptical orbital and axial tilt. However, we might initially summarise this complexity by stating that,
over a year, the northern hemisphere varies about 13oC, while the southern hemisphere varies by 5.5oC. This
difference is apparently caused by the fact that the southern hemisphere is covered by a much larger percentage
of ocean, which is yet another factor in climate change that needs to be considered. However, we might assume
that the yearly cycle between the seasons does not in itself trigger wholesale climate change. Of course, the
complexity does not necessarily stop there and we might introduce another variability in the energy received by
the Earth as described by the Milankovitch Cycles. In 1920, Milutin Milanković forwarded the hypothesis that the
Earth’s eccentricity, axial tilt, and precession of the Earth was subject to longer term cycles, i.e.

Type

Description

Duration
in years

per 100
years

Eccentricity

Change is orbital radius

100,000

0.100%

Axial tilt

Change is axial tilt

41,000

0.244%

Precession

Change in tilt orientation

26,000

0.385%

At this stage, we are just trying to make some quantification of the potential change in the energy received by the
Earth, which might have contributed to earlier climate change, i.e. the various ice-ages, as previously outlined.
While the table highlights the much longer periodicity within the various Milanovitch cycle, it also highlights that
the percentage change over the next 100 years might be relatively small. Therefore, ‘eccentricity’ is a long-term
change to Earth’s elliptical orbit of the sun, which today varies between 147.1 and 152.1 million kilometres, while
over the 100,000 year cycle the variation extends to 129 and 187 million kilometres, which may then have an
appreciable effect of the W/m2 figure original calculated in [1].

[5]

 W  6.33 *107 * Sun ' s surface area 6.33 *107 * 6.09 *1018
Max 
=
= 1.843 *103 W / m2
=
2
2
9
 m2 
4 * ( Earth orbit )
4 * 129 *10

)

(

 W  6.33 *107 * Sun ' s surface area 6.33 *107 * 6.09 *1018
Min 
=
= 0.877 *103 W / m2
=
2
2
 m2 
4 * ( Earth orbit )
4 * 187 *109

(

)

The orbital variance in the Milanovitch eccentricity cycle might initially be quantified against the current orbital
radius, i.e. 149.6 million kilometres, which gives the following results:
Earth

Radius

%

delta

W/m2

%

delta

Today
min
max

1.496E+11
1.290E+11
1.870E+11

100.00%
86.23%
125.00%

0.00%
-13.77%
25.00%

1.371E+03
1.843E+03
8.773E+02

100.00%
134.49%
64.00%

0.00%
34.49%
-36.00%

The table above reflects a variation in orbital distance between -13% and +25%, which converts to a +34% and
-36% swing in the W/m2 figures. One can only assume that such a percentage swing in the energy reaching Earth
could have a profound effect on any climate change over the 100,000-year eccentricity cycle.
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What about any change in the axial tilt?
Apparently, the Earth's axial tilt varies between 22.1° and 24.5° over a cycle of about 41,000 years, such that the
current tilt 23.44° is near mid-point. We might quantify the effect of the swing in the axial tilt, where the
highlighted rows correspond to the maximum change at the equator and poles today.
I

1372

Φ
21.1
23.4
24.5
90-24.5

Radians
0.368
0.408
0.428
1.143

Cos(Φ)
0.933
0.918
0.910
0.415

I'
1280
1259
1248
569

%
93%
92%
91%
41%

90-23.5
90-21.1

1.162
1.203

0.397
0.360

545
494

40%
36%

Examining the figures in the table above, we see that the net effect of increasing axial tilt is that the total annual
solar radiation received increases at higher latitudes, but decreases closer to the equator. While the net effect
appears small in terms of eccentricity, even a small increase in the average energy received in the northern
latitudes might be significant, although it is highlighted this might only amount to a 0.25% change over the next
100 years within the overall 41,000-year cycle. Finally, we might simply describe the idea of precession as a
‘rotational wobble’ of the axial tilt over a period of 26,000 years, which would effectively switch the current
orientation of the summer-winter seasons.
So might we conclude that there will be no major change in the energy received over the next 100-years?
While it seems reasonable to assume that the energy received by the Earth from the Sun will not be unduly
affected over the next 100-years due to the much longer cycle times associated with the Milankovitch cycles, there
are other potential factors at work. In essence, all the factors in the Milankovitch cycle relate to positional changes
of the Earth with respect to the Sun without any reference to the energy output of the Sun itself, which is often
discussed in terms of an 11-year ‘solar cycle’. We might start by simply showing the number of sunspots recorded
over the last 400 years, where the period of minimum sunspot activity appears to align to historic periods of colder
weather, e.g. the Maunder Minimum appears to coincide with the Little Ice Age that severely affected average
temperatures in Europe and North America in the 17th century.
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In the previous chart, we see a cycle of minimum and maximum periods of sunspot activity, which while averaging
to an approximate 11-year cycle can fluctuate between 9-14 years. The solar cycles shown in blue are numbered
between 1-24, such that the transition into cycle-25 is expected by 2019, which on average would last to 2030.
However, the details of how sunspots are actually produced appears to be yet another matter of ongoing
theoretical debate, such that it is unclear whether there is any definitive causal mechanism that correlates the
number of sunspots with the Sun’s overall energy output (W/m2).
Note: Best estimates to-date suggest that the total sun irradiance (TSI) of 1372 W/m2 may only change by as
little as 0.3 W/m2 over an average sunspot cycle. See Solar Irradiance and Solar Constant for more details.
This said, many speculate that sunspot activity also reflects the strength of the Sun’s magnetic fields, and solar
winds, which depend on various circulations and rotations within the Sun’s internal structure, while others have
proposed more radical models that this discussion will not expand on. However, we might use the following chart
as a broad outline of climate change over the last 4000-years or so.

While the chart shows a clear pattern of warm and cold periods, the severity of the change is not necessarily easy
to predict. However, we might crudely highlight that the last 4000 years has seen 4 warm-cold cycles that might be
averaged to every 1000 years or so, which would correspond to 500 years of warm followed by 500 years of cold.
So, irrespective of whether we really understand all the causal mechanisms at work, we might reasonably conclude
that there is a process of climate change that appears to be operating on a much faster periodicity than can be
attributed to the Milankovitch cycles and pre-dates man-made CO2 emissions. Based on the chart above, there is a
suggestion that the next transition will be towards a colder period, the severity of which can only be speculative at
this time. However, any suggestion that the Earth might be entering a period of colder climate has also to be
discussed in the context of the current IPCC prediction of a global warming. As such, we possibly need to consider
the potential for a wider scope of causal mechanisms that might affect future climate change.
19

Climate Change
The Debate?

1.1.5 Climate Change Mechanisms
We might as well start this discussion by highlighting the degree of polarisation between those on opposite sides
of the climate change debate. This might be illustrated using the two graphs below, which compare the record of
computer climate model forecasts with historical observations of global temperature change. On the left, we see a
graph produced by John Christy, a climate scientist, and on the right, a graph produced by Gavin_Schmidt, a
climate scientist, which suggest two completely different pictures of the state of climate change.

Note: At this stage, it is unclear which of these two perspectives will be proved right in the coming decades
based on actual change rather than predicted change based on today’s climate models. However, it needs to
be recognised that all models are, by definition, a simplification of real-world complexity, such that any
predictions have still to be questioned and not just accepted as proof. Equally, as an aside to the science,
there may be reasonable grounds to raise legitimate concerns against some of the political and financial
interests that now appear to surround the IPCC.
Given the scope of the two opposing views outlined above, this discussion will only attempt to outline some other
factors, beyond just man-made CO2, which may have influenced the many climate change cycles that predate
man-made CO2 emissions. Of course, we might also have to consider the idea that such mechanisms might also
influence climate change in the future without ignoring the potential impact of man-made climate change. While
this discussion is not directly intended to support the ‘sceptical’ viewpoint, it is felt that the IPCC perspective is
both well-documented, well-funded and essentially pervasive, such that some wider discussion of other factors
may not be so inappropriate as the 95% consensus might suggest. Therefore, we will start by simply listing some
possible ‘other factors’ without really knowing the potential significance of each in terms of global climate change,
i.e. past, present and future.
Milankovitch Cycles, Solar Cycles & Sunspots , Plate Tectonics, Volcanism,
Earth’s Oceans, Earth’s Atmosphere, Earth’s Albedo, Space Weather,
Cosmic Rays, Geomagnetic Reversal, Anthropogenic CO2
Clearly, this is quite a list of complex issues, which may all have some influence on climate change, in addition to
the usual focus on CO2 concentration, irrespective of whether natural or man-made. However, it is not within the
scope of this discussion to do more than provide an introduction of the totality of this complexity.
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Milankovitch Cycles
As outlined in the previous discussion, the Milankovitch cycles involving eccentricity, axial tilt and precession
operate over tens of thousands of years, such that the influence on climate change over just the next 100-year
may be assumed to be minimal.
Solar Cycles & Sunspots
Note: While there is considerable empirical evidence that historic climate change has been triggered by
variations in the solar cycles, there is still much debate about the actual processes at work within the Sun. In
1961, Horace Babcock proposed one of the first substantive models, now known as the Solar Dynamo
Theory. A wider discussion of the Solar Cycles is provided by David Hathaway, while a more radical theory
might be considered in terms of the Electric Sun Hypothesis.
As also outlined in the previous discussion, there is still much debate about the causal mechanisms driving the
11-year solar cycle, such that we might have to question the accuracy of any prediction of the next grand solar
minimum or maximum. However, there does appear to be enough empirical evidence to suggest that the Sun’s
energy output does change in a cyclic manner over hundreds, not just tens of thousands of years. Based on this
cyclic pattern, it would appear that we may be heading
into a cooling period; whether this cooling period
amounts to a grand solar minimum on the scale of the
Maunder Minimum is still a matter of debate. While it is
not easy to always find reliable data to quantify the
underlying causal mechanisms, it might not be
unreasonable to assume that the solar cycles in
conjunction with changes in the number of sunspots
might have a significant effect on climate change over
the next 100 years. However, there are several
proposed mechanisms through which the 11-year solar
cycle could influence the Earth’s climate, as reflected in
the diagram right, which include:
•

A direct variability in the received solar energy on Earth’s climate subsystems, which might be quantified in
terms of a variation in the total incoming solar irradiance (TSI), although figures suggest that this variance
would be less than 1%.

•

An indirect variability in the absorption of ultra-violet (UV) radiation in the upper stratosphere associated with
the presence of ozone and other dynamics in the atmosphere.

•

An indirect variability associated with energetic particles entering the thermosphere, mesosphere and upper
stratosphere, especially at higher geomagnetic latitudes

•

An indirect variability in the generation of ions by galactic cosmic rays (GCR) penetrating into the troposphere,
which may influence the formation of clouds causing more solar energy to be reflected.
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It is not clear whether such factors are well represented in most IPCC climate models, which often appear
somewhat preoccupied with just man-made mechanism, e.g. CO2 emissions. However, as indicated, there does
appear to be substantive empirical evidence to support the idea that aspects of the solar cycles have had an effect
on the Earth’s climate over the course of centuries, not millennium. Again, while in contradiction to the
importance of anthropogenic CO2 in the PCC’s modelling, it does not seem unreasonable to highlight that naturally
generated CO2 emissions may have contributed more than 95% to the overall CO2 total, while the rate of CO2
generation and that CO2 absorption may actually be driven by global temperature variations rather than causing it.
Plate Tectonics:
From the perspective of geological time, plate tectonics have caused profound changes to the surface of the Earth.
This process has also triggered huge earthquakes and volcanic eruptions throughout Earth’s history, which has led
to changes in the composition of the atmosphere and oceans. While the scale of these changes undoubtedly led to
shifts in global climate, the complexity of all the interactions is beyond the scope of this discussion to try to
quantify. However, we might reasonably assume, barring a massive super-volcano eruption, that such effects might
not be significant over the next 100 years.
Volcanism
A Wikipedia article lists some of the largest volcanic eruptions in Earth’s history. The largest listed, Guarapuava,
occurred some 132 million years ago and ejected 8,600 cubic kilometres of rocks and ash plus greenhouse gases
into the atmosphere. While there is still much debate about the scope of volcanism in the cycle of climate change,
there is growing evidence that some of the earlier eruptions in Earth’s history led to mass extinctions due to
changes in the biosphere. There is also a complex timeline between the onset of the eruption, the eruption itself
and any subsequent change in temperature, possibly up to 10°C, triggered by a potentially huge outpouring of dust
and greenhouse gases into the atmosphere, which then changed the acidity and CO2 concentrations in the oceans.
In more recent times, the Krakatoa eruption (1883) and the Pinatubo eruption (1991) are known to have had an
impact on the global climate for several years. Current theory suggests that this was due to changes in the Earth’s
atmosphere caused by volcanic ‘aerosols’ that blocked short-wave solar radiation, which then contributed to a
global cooling of the Earth’s surface, i.e. land and oceans. Today, the IPCC climate models assume that CO2
emissions from volcanoes constitute only 1% in comparison to man-made emissions. Therefore, we might not
initially worry too much about this mechanism.
Earth’s Oceans
Earth’s oceans cover over 70% of its surface, i.e. 510 million square kilometres with a volume of 1332 million cubic
kilometres. As such, the oceans are a huge source and sink of CO2 that is dependent on the global temperature,
while ocean currents act as conveyer belts that transport warm water from the tropics towards the poles and cold
water from the poles back to the tropics. This amounts to a huge movement of heat energy, presumably solar in
origin, which can change global temperatures and the overall climate. The ocean currents also operate throughout
the depths of the ocean and help circulate water from the surface to its depths and back again. The transport of
heat energy is often described in terms of the thermohaline circulation, where reference might also be given to the
Pacific Decadal Oscillations and Atlantic Multi-Decadal Oscillations. These mechanisms are known to be an
important factor in ocean circulations, which if disrupted could cause a corresponding change in Earth’s climate in
a relatively short period of time. During the last glacial period associated with Pleistocene epoch, temperatures in
the northern hemisphere were subject to cycles every 1,500 years or so. While the causal mechanisms are not fully
22

Climate Change
The Debate?

understood, there is some evidence emerging that suggests the ocean currents slowed during every one of these
temperature changes, but more research is required to determine whether this is a cause or effect of climate
change.
Earth’s Atmosphere
If we again make reference to the following
diagram, we might begin to see the role of the
Earth’s atmosphere in a number of energy
exchanges, i.e. cloud reflections, atmospheric
absorption and greenhouse effects. However, it
also has to be highlighted that the Earth has to
broadly remain within thermal equilibrium,
otherwise the Earth would simply continue to
heat up until all life dies, as might have been the
case with Venus. Of course, as the diagram
suggests, the process by which equilibrium is
achieved can be quite complex and not necessarily completely stable. Within this model, 22.5% of the sun’s energy
reaching the Earth is reflected back to space due to clouds, i.e. water vapour, and other particulates in the upper
atmosphere and a further 8.7% reflected by the Earth’s surface in the form of snow, ice and deserts. While this
reduces the energy in the climate model by 31.2%, major volcanic eruptions can introduce a higher concentration
of particulates into the high atmosphere, which can cause a drop in Earth’s mean global surface temperature of
about 0.5oC that can last for months or even years. Of the energy not reflected in this manner, 19.5% is initially
absorbed by the atmosphere and 49% by the Earth’s surface in respect to the averaged figure of 342 W/m 2 figure.
However, as pointed out, the Earth has to broadly maintain thermal equilibrium, such that other mechanisms must
radiate most of the 235 W/m2 absorbed back into space, which takes the form of longwave radiation. Before
proceeding with the basic description of the energy model under discussion, we possibly need to add a little more
detail about the composition of the atmosphere, where the following table lists the 11 most abundant gases found
in the Earth's lower atmosphere by volume.
Name
Nitrogen
Oxygen
Water
Argon
Carbon Dioxide
Neon
Helium
Methane
Hydrogen
Nitrous Oxide
Ozone

Formula
N2
O2
H2O
Ar
CO2
Ne
He
CH4
H2
N2O
O3
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% Volume
78.08%
20.95%
0..4%
0.93%
0.0360%
0.0018%
0.0005%
0.00017%
0.00005%
0.00003%
0.000004%
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Of the gases listed, nitrogen, oxygen, water vapor, carbon dioxide, methane, nitrous oxide, and ozone are the most
important within Earth's biosphere. As most of us learn in school, nitrogen and oxygen are the main components
of the atmosphere, making up ~99% of a dry atmosphere. Both of these gases are essential to life, where nitrogen
is removed from the atmosphere and deposited at the Earth's surface mainly by nitrogen fixing bacteria plus
lightning and rain. The addition of nitrogen to the soil provides nutrition for plant growth and is returned to the
atmosphere when biomass is burnt or decays. In contrast, oxygen is used in both photosynthesis and respiration of
plant and animal life. Photosynthesis also produces oxygen when carbon dioxide and water are chemically
converted into glucose using sunlight and, in a somewhat reciprocal manner, respiration uses oxygen and releases
both water and carbon dioxide. Given the physical appearance of the sky, we might realise that water vapor in the
form of clouds is also one of the most abundant gases in the atmosphere, although subject to large variations in
concentration. The highest concentrations of water vapor are found near the equator over the oceans and tropical
rain forests, while the concentration over polar regions and subtropical deserts can approach zero.
Note: Water vapor has several very important functions. First, it redistributes heat energy via latent heat
energy exchanges. Second, condensation of water vapor creates precipitation, which provides the necessary
fresh water for plants and animals. Third, it helps warm the atmosphere as a greenhouse gas.
The fifth most abundant gas in the atmosphere is carbon dioxide, which has increased by 40% in the last 250 years,
linked the burning of fossil fuels, deforestation and other forms of land-use change. Carbon dioxide is also a
greenhouse gas. Finally, we also need to mention methane as it is a very strong greenhouse gas and estimated to
have increased by more than 150%, since 1750, due to increased rice cultivation, domestic grazing animals,
landfills and fossil fuel extraction.
Note: Despite all the political and media focus on CO2, it may only cause between 9-26% of the overall
greenhouse effect. At this point, we might simply mention a cocktail of other man-made chemicals that also
contribute to the greenhouse effect: sulfuryl-fluoride, trichlorofluoromethane, sulphur-hexafluoride,
hexafluoroethane, trifluoromethane, ozone, nitrous-oxide. However, the top 3 greenhouse gases in reverse
order are methane produced by swamps and termites plus man-made landfills and dairy-cows followed by
carbon dioxide, as cited above and finally water vapour. So, within an overall greenhouse effect, water
vapour, both in terms of humidity and clouds, may account for between 36-70% of the greenhouse gases.
However, there are other factors which affect the ‘persistence’ of certain greenhouse gases being retained in
the atmosphere.
We now know that the greenhouse gases act as a ‘blanket’ to all of the sources of longwave radiation coming from
the Earth’s surface, where the top 3 are water vapour, carbon dioxide and methane. Of course, there is a
complexity in the greenhouse effect of water vapour because while clouds do have a heating effect as a
greenhouse gas, they also have a cooling effect by first reflecting incoming solar energy as it arrives. The
complexity of the Earth’s climate model is also compounded by a number of other sub-system mechanisms. For
example, the Earth is a sphere, such that more solar energy arrives per metre 2 at the tropics than at higher
latitudes. This leads to energy thermals (7%) from the equatorial regions to higher latitudes by both air and sea. In
the process, energy is also evaporated from the sea and land surfaces, triggering latent heat (22.8%) to be released
that is also a primary cause of atmospheric circulation and ocean currents. Other mechanisms are linked to the
direction and magnitude of Earth’s rotational velocity, which drives many of the global weather patterns. These
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weather patterns are triggered by moving low-high pressure systems and associated with cold-warm fronts,
compounded by temperature differences over the oceans and geographical features, such as mountain ranges and
ice sheets. Of course, many of these mechanisms are also subject to change over geological time for a variety of
reasons that cannot really be detailed in this overview. However, what might be reasonably concluded is that even
the Earth’s internal climate mechanisms have a lot of complexity that are not really fully understood.
Earth’s Albedo
The term albedo, which is the Latin for white, is
commonly applied to the overall average reflection
coefficient of an object, e.g. the Earth. The albedo
in the visible spectrum falls within a range of about
0.9 for fresh snow to about 0.04 for charcoal.
However, we might consider the idea of the Earth’s
albedo in terms of the reflection of incident solar
energy at different altitudes as shown in the
diagram right. When seen from a distance, the
ocean surface has a low albedo, as do most forests,
whereas desert areas have some of the highest
albedos among landforms. Most land areas are in
an albedo range of 0.1 to 0.4, while the overall
average albedo of Earth is about 0.3, which is higher
than the ocean’s that cover about 70% of the Earth’s surface due to the reflection of clouds. Clearly, if the global
temperature increases, for whatever reason, it might lead to more clouds, which might then act a feedback
mechanism that blocks more of the Sun’s incident energy at the top of the atmosphere, but which in-turn creates a
greater greenhouse effect that might offset the loss of incident solar energy. In part, this last feedback mechanism
is one of the key issues that climate models are still trying to resolve. For in order to predict the climate several
decades into the future, the model needs to accurately understand many of the interacting mechanisms within the
overall climate system, where one critically important aspect appears to be the role of clouds. As suggested,
changes in the global temperature may affect cloud formation, where water evaporates in tropical regions and
condenses in colder regions and altitudes.
•
•
•
•
•
•

Clouds often form as water vapour condensing on aerosol particles.
Clouds come in many shapes and size and can exist at many different altitudes.
Clouds cool Earth's surface by reflecting incoming sunlight.
Clouds warm Earth's surface by absorbing heat emitted from the surface
Cloud re-radiate energy back down toward the surface.
Clouds supply water to the surface by forming precipitation.

We might first assume that Earth's climate should warm due to the greenhouse effect. However, a consequence of
this change would be the weather patterns and associated cloud formation would also change. This secondary
change might then cause a mechanism of either negative or positive feedback in the climate system, resulting in a
warming or cooling along with either increased or decreased precipitation in different regions.
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Space Weather
We might initially define ‘space weather’ as changes that surround planet Earth’s upper atmosphere, but which
can affect Earth bound weather systems. Using the vocabulary of weather, we might also link the source of space
weather to ‘storms’ that take place within the Sun’s corona, which are reflective of sunspot and magnetic activity
that trigger solar flares and fuel the solar wind.

As such, the Sun is not only a source of the electromagnetic energy being received by the Earth, but also the source
of a host of charged particles in the form of the solar wind, which in-turn interact with other highly energetic
particles in the form of cosmic rays. More specifically, the composition of the solar wind is a mixture of ionized
hydrogen, i.e. protons and electron with an 8% component of helium-alpha particles and trace amounts of heavier
ions, which can have a velocity anywhere in the range: 3-400km/s. When these charged particles reach the Earth,
they interact with the Earth's magnetosphere and are accelerated down magnetic field lines where they collide
with other particles within the Earth’s atmosphere, particularly at poles where the magnetic field lines are focused.
Note: While it appears obvious that the Sun is the main source of electromagnetic energy that drives the
Earth’s climate, there are other factors that may impact other climate mechanisms, as previously outlined.
As such, it may be possible that variable space weather also affects the composition and intensity of solar
radiation underpinning so many of Earth’s climate sub-systems.
As early as 1911, Charles Wilson forwarded the idea that ionizing radiation could affect atmospheric cloud
formation in contradictory ways. For increased cloud cover in the upper troposphere can reduce long-wave
radiation, which may result cause warming, but where increased cloud cover in the lower troposphere may reduce
incoming radiation and cause cooling. There was also a suggestion that variations in the solar wind and the Earth’s
magnetic field might also change the amount of cosmic ray interaction in the upper atmosphere, such that there is
now research being conducted into how changes in cosmic rays may play a role in climate change.
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Note: One hypothesis currently being considered is that the process of ionisation in the upper atmosphere
helps to form ‘aerosols’ that may then facilitate cloud formation via cloud condensation nuclei (CCN). This
process allows water vapour in the atmosphere to condense and create lower altitude clouds, which may
exert a cooling effect, such that the level of cosmic rays may also influence climate change.
As has been outlined, while the Milankovitch cycles may well have had a significant effect of global climate change
over thousands of years, the long cycle times do not appear to provide an explanation of shorter term climate
cycles. Likewise, the effect of the 11-year solar cycle on the energy received by the Earth, i.e. 1372 W/m2, appears
be too small to be significant to any perceived changes in global climate, such that anthropogenic CO2 is often
assumed to be the only major factor in the climate change debate. However, there is a suggestion that changes in
the strength of the solar wind might be correlated to sunspot activity, which then changes cosmic ray interaction
with Earth’s atmosphere, which we might see in the following chart.

So while the approximate 11-year solar cycle may not significantly change the energy received by the Earth, the
variability of its strength, which we might describe in terms of the grand solar maximum and minimum may act as
an amplifier of solar activity and its effect on climate change. As such, we might consider the idea that a change
solar activity, linked to the solar cycle, may also cause a change in the strength of the solar wind, which then
affects the level of cosmic rays reaching Earth. Likewise, if cosmic rays do affect the level of ionisation in the
troposphere, increased solar activity will translate into a reduced level of ionization, which may then reduce cloud
cover at lower altitudes, which is known to have a net cooling effect.
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Note: Cloud cover has been observed from space since the 1980's and, by the 1990's, enough cloud data had
been accumulated to provide empirical evidence for some form of solar/cloud mechanism. Using the satellite
data, Henrik Svensmark has shown that cloud cover varies in with the variable level of cosmic rays, which
appears synchronised to the 11-yr solar cycle. This idea is also being pursued by Nir Shaviv.
The work of Svensmark, who is director of the Centre for Sun-Climate Research at the Danish Space Research
Institute, appears to downplay the significance of the effects of man-made increases in atmospheric CO2 on recent
and historical global warming. He argues that while the role of greenhouse gases in climate change is considerable,
the solar variations is larger. The following chart reflects Svensmark’s research and appears to show a correlation
between variations in cosmic rays in red and a change in sea temperature in black.

Svensmark and his colleagues have also shown a correlation in cloud cover and modulation of cosmic ray within
the solar cycle, as illustrated below. However, while these charts are suggestive of a link between cosmic rays and
climate change, further proof of a causal link is still required.
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However, there does appear to be mounting evidence that support a causal link between cosmic rays and climate
change beyond the observed cloud cover variations as variations appear to have left a paleoclimatic imprint in the
geological records. While full details are beyond the scope of this outline, Nir Shaviv has provided further evidence
that cosmic rays are also subject to the position of the solar system within the spiral-arm of the Milky Way and
although subject to geological time, changes can be correlated with geological sedimentation records, when
Earth’s climate was subject to cycles between hothouse and icehouse conditions.

However, while there is some evidence in support of an ever-growing link between climate change on Earth and
the wider context of space weather, caution is still required. As such, it remains as only one of possibly many
climate change mechanisms that might be worthy of further consideration.
Geomagnetic Reversal
A geomagnetic reversal is a change in Earth’s magnetic field such that the positions of magnetic north and
magnetic south are reversed. The timespan of these reversals appears somewhat random in that they can occur
between 100,000 and 1,000,000 years, with an average of 450,000 years, where the reversal itself may take
between 1,000 and 10,000 years. The latest one, the Brunhes–Matuyama reversal, occurred 780,000 years ago,
while there is now growing evidence that the next one may have already started and cause climate effects within a
human lifetime.
How would a reversal of the Earth’s magnetic field affect climate change?
Obviously, we might see some correlation with the mechanisms previously outlined, where cosmic rays are
affected by the solar wind and the Earth’s magnetic field. However, analysis of the movement of the Earth’s
magnetic poles over the last 105 years appears to suggest a strong correlation between the position of the north
magnetic and geomagnetic poles with global temperatures, but especially in the northern hemisphere. While many
may still question this correlation, statistical analysis suggests that there is less than a 1% chance it being random,
causal mechanisms are still unclear. Current proposals range between the idea that the Earth’s magnetic field
affects the energy transfer rates from the solar wind to the Earth’s atmosphere, which in turn affects the North
Atlantic Oscillation and that the movement of the poles changes the geographic distribution of galactic and solar
cosmic rays on regionally sensitive zones in the climate system. However, the movement of the magnetic poles
may also change the distribution of ultraviolet radiation on the oceans, which then changes the death rate of
carbon sinking in the form oceanic plant life, such as phytoplankton.
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Anthropogenic CO2
So, finally we return to the concern that
man-made global climate change is
being triggered by increases in CO2
emissions. However, along the way, it
has been highlighted that CO2 is only
one of a number of greenhouse gases
in the atmosphere, which represents
about 0.3% of the total by volume. It
has also been pointed out that the
man-made contribution assumed to be
entirely responsible for the increase
from 280ppm to 390pmm since 1750,
i.e. 40%, would only represent a 0.11%
difference in the composition of the
atmosphere. It has also been highlighted that CO2 concentration have been much higher in Earth’s history and that
there is some evidence that CO2 levels lag temperature rather than necessarily driving it, i.e. it is an effect not
necessarily the primary cause. Finally, it is unclear how the various climate models account for all the other
potential causal mechanisms outlined in this discussion.
So why is there a suggestion that 95% of climate scientists are primarily focused on CO2?
In part, this question might be too simplistic, such that it misrepresents the current state-of-play. Therefore, we
might attempt to clarify the wider scope by citing an extract from the 2014 IPCC Summary for Policymakers, which
states that warming of the climate system is 'unequivocal' with ‘unprecedented’ changes over decades to millennia,
including the warming of the atmosphere and oceans, loss of snow and ice, and sea level rise.
Note: Given the level of the scientific debate, it is unclear that anything is ‘unequivocal’ at this stage or that
the actual changes to-date are ‘unprecedented’ given the long history of climate change outlined.
The summary report does appear to recognise that greenhouse gas emissions have been driven largely by
economic and population growth, which may not be easily reversed. However, the report does continue to assert
that greenhouse gas concentrations along with other anthropogenic drivers are the most likely cause of the
observed global warming since the mid-20th century.
“Continued emission of greenhouse gases will cause further warming and long-lasting changes in all
components of the climate system, increasing the likelihood of severe, pervasive and irreversible impacts for
people and ecosystems. Limiting climate change would require substantial and sustained reductions in
greenhouse gas emissions which, together with adaptation, can limit climate change risks.”
While there is much discussion surrounding the scientific debate, despite the assertion of a 95% consensus, actual
policy decisions appear to be subject to wider considerations, which we might present in terms of the following
statement by the US National Research Council:
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The question of whether there exists a ‘safe’ level of concentration of greenhouse gases cannot be answered
directly because it would require a value judgment of what constitutes an acceptable risk to human welfare
and ecosystems in various parts of the world, as well as a more quantitative assessment of the risks and
costs associated with the various impacts of global warming. In general, however, risk increases with
increases in both the rate and the magnitude of climate change.
This statement possibly represents the view of a wider spectrum of scientists, inclusive of social scientists, medical
experts, engineers and ‘even’ philosophers on the implications of climate change. As such, climate change policy is
discussed in terms of climate change mitigation, climate change adaptation, climate engineering, politics of global
warming, climate ethics and the economics of global warming. However, if we put such issues aside for the
moment, we might return to the central question.
What is the evidence that humans alone are responsible for global climate change?
It has been suggested that the proof that man-made CO2 is the cause of climate change follows a chain of
evidence. This evidence then leads to the basic conclusion that CO2 keeps the Earth warmer than it would have
been without the anthropogenic CO2 being added by humanity. The sub-text of this position is often that this
additional CO2 is mainly produced by burning fossil fuels, which clean renewable energy sources, such as solar and
wind, might reverse. It is also asserted that there is empirical evidence that the rising temperatures are being
caused by the increased CO2, which acts as a greenhouse gas that wraps the Earth in an invisible blanket.
However, while this blanket is essential to maintaining most life on Earth, it can also lead to a run-away effect as in
the case of Venus. In this respect, we might recognise that the moon’s temperature varies from +100°C during its
day-time, while plunging to -173°C during its night-time. In comparison, the coldest temperature on Earth was
recorded in Antarctica: −89.2°C, while the hottest was 56.7°C.
How is the effect of CO2 being measured?
One of the ways of measuring the effect of CO2 is by using satellites to compare how much energy is arriving from
the sun, and how much is leaving the Earth. From this, it is believed that there has been a gradual decrease in the
amount of energy being re-radiated back into space over the last few decades. Of course, this approach is based
on the assumption that the amount of energy arriving from the sun has not changed and no other mechanisms are
at work.
What keeps the excess energy from escaping back into space?
Broadly, it is assumed that the only answer is the greenhouse effect and the composition of greenhouse gases. For
certain gases ‘capture’ energy, where the primary gases of interest to the climate models are carbon dioxide (CO2),
methane (CH4), water vapour, nitrous oxide and ozone, which collectively make up about 1% of the air – see
earlier table for more details. While only a small percentage of the atmosphere, i.e. its greenhouse gases, they are
assumed to have a significant effect within the climate model by keeping the planet 33°C warmer than it would
otherwise be without them. However, as indicated, much of the focus appears to be orientated towards CO2
levels, as defined by the following chart.
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While atmospheric CO2 levels are probably best understood as a percentage of the total atmosphere, the
percentage of CO2 is so small, that it is also expressed as parts per million (ppm). However, the previous chart has
displayed the amount of CO2 in the atmosphere in gigatons, possibly because such a large number might appear
more worrying. So, over the last 1000 years, we see that the percentage of man-made CO2 emission with respect
to the total CO2 emission increasing from approximate zero, then rising steeply throughout the 20 th century until
today, where man-made CO2 is said to amount to about 40% of the total. Based on this accepted fact, it is
concluded that CO2 is the primarily cause of climate change, as CO2 is known to trap energy at very specific
wavelengths, while other greenhouse gases trap different wavelengths. We might attempt to quantify this effect
using the next chart.

This chart shows the spectrum of the greenhouse radiation as measured at the surface of Earth, but where the
significance of the greenhouse effect from water vapor has been filtered out. Among the spikes, we can see energy
being radiated back to Earth by ozone (O3), methane (CH4), and nitrous oxide (N20), where the spike for CO2 on
the left dwarfs all the other greenhouse gases. However, this chart does not explain the other gases are even
smaller as a percentage of the total than CO2 or provides any relative perspective with respect to water vapour,
which other sources have suggested might account for 36-70% of the greenhouse effect. As such, we will now turn
our attention towards the climate models on which so many predictions are based.
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1.1.6 Climate Change Models
All models are wrong. Some models are useful. George Box

The quote above appears to be a reasonable guideline on which to discuss the different interpretations of the
climate change suggested by the two graphs. We will start by acknowledging that much scientific development,
both theoretical and applied, has been predicated on the insights provided by models of all manner of description.
However, it also needs to be accepted that every model is invariably designed to reduce the complexity of the
real-world to some manageable subset of parameters, which can be increasingly problematic given the ambition of
many climate models. So, while recognising their usefulness, we also need to understand their limitations, as
history is littered with models that have been proved wrong, either in their assumptions and/or conclusions.
Note: Today, it seems that even those with the ‘weight of authority’ to question the accuracy of climate
change models may be dismissed by branding them as a ‘sceptic’ or ‘denier’ in the fashion of religious
heresy. This seem unworthy of a scientific debate and while some may hold to the idea that the science of
climate change is already proven, such that there is no debate, this seems unworthy of the scientific method.
So, while this discussion may seem to challenge the possible accuracy of climate models, it is not intended as
a sceptical viewpoint or a denial of the importance of the on-going development of these models. Rather it is
simply a discussion that attempts to understand the complexity and limitations of the climate models on
which so much rests.
Irrespective of the truth of the claim, there is an assumption that 95% of climate scientists agree with the climate
change paradigm, which we might assume is often predicated on the predictions of various climate change
models. However, climate models are a complex subject in their own right, such that most of us have to defer to
the weight of authority in order to understand some of this complexity. Unfortunately, authority exists on both
sides of the debate, such that we will first consider the concerns of those who question the accuracy of the current
climate models.
Note: By way of a quick introduction, the reader might wish to review a 5-minute YouTube video by Will
Happer, who is the Emeritus Professor of Physics at Princeton University. Alternatively, there is a more detail
paper entitled ‘Climate Model for the Layman’ published in 2017 by Professor Judith Curry, who is the author
of over 180 scientific papers on weather and climate and is currently President of Climate Forecast
Applications Network.
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While the reader is urged to review the Judith Curry paper for themselves, this discussion will provide a brief
overview of the workings of climate models. So, by way of an initial summary, it might be stated that climate
models continue to be a relatively coarse-grained simplification of the complexity of Earth’s multiple climate
sub-systems. On the macroscopic scale, these climate sub-systems have to consider the atmosphere, ocean and
land surface, inclusive of sea ice, glaciers plus other possible factors, e.g. space weather. Within the confines of the
atmospheric sub-system, multiple factors have to be taken into consideration, e.g. energy input, altitude variance,
cloud types and formations, winds, temperature, humidity and atmospheric pressure etc. Naturally enough, such
complexity extends into the other major climate sub-systems, i.e. oceans and land, where the climate model
attempts to approximate all the interactions using mathematical equations.
Note: Many processes in the atmosphere and oceans are known to be non-linear, such that there may be no
simple relationship between cause and effect. The nonlinear dynamics of the atmosphere and oceans are
often linked to the Navier–Stokes equations, but where the Navier–Stokes existence and smoothness
problem is described in terms of fluid mechanics subject to turbulence. However, theoretical understanding
of these equations is still incomplete, such that accurate modelling might also be questioned.
So, while some of the equations in the climate models can be based on the classical laws of physics, e.g. Newton’s
laws of motion and the laws of thermodynamics, there other important processes in the model that can only be
approximated. As suggested in the note above, climate models often to have attempt to resolve the interaction
between two essentially chaotic fluids, i.e. the atmosphere and the ocean, which can be highly dependent on any
initial assumptions, which are then amplified by the near-chaotic non-linearity associated with the Navier–Stokes
equations.
What other complexities need to be considered?
In addition to the macroscopic complexity, there is also a
complexity associated with the microscopic scale of
interaction, such that the models are often limited to
the processing capacity available. For example, many
models divide the atmosphere, oceans, and land into 3D
cells, where latitude and longitude define a surface on
the scale of 100-200 kilometres, while the height of the
atmosphere and depth of oceans may be restricted to
about one kilometre. Interactive events between these cells is then time-stepped with a typical granularity in the
order of 30 minutes. While higher resolution may become increasingly possible, given Moore’s law, a doubling of
the resolution outlined may require a 10-fold increase in processing capacity. So, given the implied coarseness of
the resolution, important processes associated with clouds and rainfall have to be aggregated using simplified
approximations, although they may be derived from observations or from more specific and detailed process
models. However, today, the detailed modelling of clouds and precipitation still appear to be a problem, which
may be responsible for the wide predictive variance of so many of the climate models.
So what about the model results?
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Clearly, there may be an interpretive bias depending on which side of the climate debate is preferred. However,
some have argued that because of the intrinsic limitations of the climate models, as outlined, there is evidence
that these models may be overstating both the temperature increases and the sensitivity to CO2, as reflected in
the opposing graphs at the beginning of this discussion. However, these two graphs also highlight another problem
in that there is now disagreement of the accuracy of the climate models when judged against different
interpretations of measured temperature data over the last 100 years or so, although this issue will be deferred to
the next discussion. Of course, the controversy also extends to those who question the accuracy of the climate
models because it is believed that they do not give sufficient emphasis to other factors, such as cooling associated
with the various solar cycle mechanisms, such that the IPCC predictions for the 21st century may need further
scrutiny, research and debate.
Note: While there may be legitimate reservations about climate models, their supporters may rightly
highlight that they do provide the best insight into what is happening to the global climate, past, present
and future. For they claim that these models provide an understanding of how the climate system works,
reproduces past climate states, predicts future global climate change, explains extreme weather, provides
the information for policy change and helps quantify the social cost of carbon.
However, the lay-person might reasonably assume that the problem of retro-fitting the climate models to match
past data and projecting current assumptions into the future to be very different propositions. For we might
reasonably assume that the past is known, such that the climate models can ‘simply’ be run backwards in time
from current data, such that they can be proved to match historical climate records, although it is unclear to what
extent this reversal has been proved. Of course, future predictions will always be more speculative, especially
given the complexity of so many variables and the fact that there is no definite reference against which to judge
these predictions. Therefore, we might simply try to summarise this situation as follows:
Models tend to converge on what we know, but not necessarily on what we do not.
1.1.7 Climate Model Assessment
We will start by highlighting that the IPCC appears to base many of its statements and conclusions on climate
models, such that we might also assume that in their assessment climate models already do a good job in
predicting the future of climate change and support the conclusion that climate change can be broadly attributed
to anthropogenic emissions of greenhouse gases, e.g. CO2. For they claim that:
“The development of climate models has resulted in more realism in the representation of many quantities
and aspects of the climate system and it is extremely likely that human activities have caused more than half
of the observed increase in global average surface temperature since the 1950s”
As a general assessment, it might be stated that climate models are indeed an important and improving tool,
which can help climate scientists, and others, understand the complexity of climate change in terms of collating
both qualitative and quantitative data. However, as previously argued, climate ‘models’ are by definition a
simplification of the many potential factors influencing climate change, such that the accuracy of model
predictions still has to be questioned as outlined in the following bullets.
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•

Inherent limitation in the mathematical modelling of climate dynamics makes accurate prediction difficult and
maybe near impossible as the timescales are stretched further into the future.

•

It is possible that future enhancement to climate models will not only have to consider the implication of even
more climate change mechanisms, as outlined, but also expand the details concerning chemical and biological
processes that influence climate over longer time periods.

•

Climate models are invariably limited by processing capacity, which then limits the resolution or granularity of
each climate cell within the model, both in terms of size and time. This appears to be especially true when
trying to accurately model all the implications associated with clouds.

•

Of course, any inaccuracy in the model at the micro-level of the cell might then be extrapolated as projections
are extended into the future. However, by the very nature of it being a future prediction, there is often little
comparative data by which to assess its accuracy.

•

It might be argued that the variance in the output of different models to a doubling of atmospheric CO2 might
also suggest the scope of potential errors, such that a degree of caution, rather than certainty, must be
highlighted.

•

There this outline will highlight that there is still a large variance in climate model outputs, which might be
attributed to the limitation in the simulations of pressure, wind, clouds, temperature, precipitation, ocean
currents, sea ice, permafrost, etc.

•

As previously highlighted, while some climate models have included some low-impact assessment of various
solar effects, it is unclear that they have accounted for any secondary amplification processes, e.g. sunspots
triggering solar flares affecting the solar wind leading to changes in cosmic ray effects on cloud formation.

Today, most models simulate atmospheric flow using mathematical equations based on mass distribution as a
function of wind velocity. These equations then have to be mapped onto a spherical grid of cells that only supports
a limited modelling of the total atmospheric depth and layer composition. Equally, the flow equations have to be
subject to modification on a scale below that of the cell grid, such that it might compensate for turbulence, latent
heat, cloud formation and dynamic heating linked to solar and infrared radiation, which interact with atmospheric
gases, aerosols, and clouds. In addition, accurate simulation of ocean currents may be more important than the
atmosphere when it comes to the transport of global energy.
Note: Many of the most sophisticated climate models includes what is called the Ocean General Circulation
Model. This sub-model simulates the circulation of the oceans and a dynamic thermal reservoir through
which energy is exchanged with the atmosphere. This interaction is generally assumed to dominate the
evolution of the climate system as it is believed to regulate heat, moisture, and momentum exchanges
between the ocean and atmosphere.
Land surface also regulates heat based on soil moisture and vegetation type, although possibly not as important as
the mechanisms taking place in the atmosphere and oceans, clearly any inaccuracy might then also affect the
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accuracy of any climate prediction being extended to the end of the 21 st century. Of course, it is known that ice
sheets also have an important role in the evolution of the climate system as their size may affect the total energy
within the climate system as a whole due to reflected energy and the latent heat lost as water changes from a
liquid to solid. However, it appears to be generally accepted that the climate system has to be dominated by solar
processes, both direct and indirect, which regulate the input and output of energy. This includes not only the most
obvious effects of Earth’s orbital eccentricity, axial tilt and precession, but other possibly more indirect
mechanisms, e.g. solar winds, cosmic ray and maybe even magnetic pole reversal.
What else might be important to this general assessment?
As a macro-level description, Earth’s climate transports the energy received at the tropics to higher latitudes.
However, it is again highlighted that some basic level of global thermal equilibrium requires inbound solar
radiation in the visible spectrum to be lost to the infrared spectrum, which is then radiated back into space. Of
course, in the context of climate change in the long history of Earth, the equilibrium of input and output energy
has never been complete stable. However, we might again begin to appreciate the full scope of complexity that we
are expecting these climate models to be able to predict. If we accept that climate models are inherently limited in
their ability to represent this complexity, we might come to a more realistic assessment of their accuracy and the
degree to which climate policy should depend on their output.
How might we then assess the importance of today’s climate model?
In general, models have to simplify the complexity of the real-world for the reasons outlined. However, we might
realise that for any climate model to have value it has to attempt to represent this complexity, otherwise its results
will be too limited. While models can be statistical or dynamic, climate models are generally dynamic in their
computation in order to simulate the heat flow and turbulence in the atmosphere and oceans. As outlined, most
climate models are based on a limited 3D cell grid system, where the initial state is established for some point in
time and then allowed to evolve in time based on the equations that are constrained by certain boundary
conditions. For example, atmosphere-ocean circulation models might be comprised of 7 basic mathematical
equations with 7 basic variables that help simulate the state of the atmosphere over time. This model is assumed
to simulate atmospheric motions and processes that conform to the laws of physics, i.e.
•
•
•
•
•

laws of thermodynamics
conservation of mass
conservation of energy
conservation of momentum
kinetic theory of gases.

The equations involved have to be sequentially solved for each cell across the entire 3D grid space for each time
step, such that a change in one cell can be mapped onto its neighbour cells according to the laws of physics and
the direction of time. However, as alluded to, there are processes, which do not have precise formulation, i.e. they
are too chaotic and may only be represented by some statistical approximation. Equally, some mechanisms are
known to fall outside the resolution of the model, either in terms of the size of the cell or its temporal granularity.
In either case, the climate model may have to resort to what is called ‘parameterization’ that might also be called
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an educated guess. Of course, any computation that goes ‘off-grid’ might be seen as a potential source of error,
which has the potential to be extrapolated into ever-larger discrepancies as the simulation is extended in time.
How is the initial state of the climate model established?
While we might assume that this only requires a reasonable assessment of the current state-of-play of the Earth’s
climate, even this process might be subject to complexity and debate. First, it is debated as to whether there is
enough reliable climate data to establish the initial conditions from which the climate model might proceed. For
while some geographies in the developed world may have sufficient climate data, this does not necessarily extend
to all geographies in the developing world or account for the fact that 70% of planet Earth is cover by oceans of
variable depth and salinity. While this problem is being addressed by including satellite information that does have
global coverage, this data often appears to deviate from earlier ground-based measurements.

Note: There is now some controversy over the attempts to reconcile the differences between satellite data
and historic climate data, especially when there are accusations that this process is deliberately
manipulating the results to best support the case for global warming. In part, this accusation might be seen
as the basis for the two views of climate change previously outlined, but repeated above.
Of course, it might also be highlighted that any uncertainty in the initial state of the model will only be amplified as
the computations flow though the cell structure in both space and time, such that it can lead to unacceptable
inaccuracies in as little as 4-days, let alone 50-years or more. Again, such statements are not made to belittle or
undermine the research and development going into climate models, only highlighting that caution should prevail
over certainty of any predictions. Unfortunately, there often appears to be little discussion of these issues within
the confines of the 95% consensus and even less by the IPCC concerning the limitations in all its climate models.
So what about IPCC predictions that have suggested a global temperature rise between 1-6oC by 2100?
Such predictions are usually based on a statistical average of multiple runs of the models with slightly different
initial conditions. Of course, as we might expect, the more times the model is run and over ever-longer timescales,
the spread of the results invariably gets wider. However, the IPCC’s 2007 position appears to be based on the
following stated position:
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“Climate models are based on well-established physical principles and have been demonstrated to reproduce
observed features of recent climate, and past climate changes. There is considerable confidence that
Atmosphere-Ocean General Circulation Models provide credible quantitative estimates of future climate
change, particularly at continental and larger scales”
However, while this assessment carries no weight of authority, the IPCC’s confidence appears incongruous to all
the issues outlined through this discussion. For this reason, Appendix-A provides linked references to the wider
debate surrounding climate change.
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1.1.8 Closing Comments
Any assessment of the complexity of the climate change debate can be clouded by the claims and counter-claims
that now surrounds numerous issues of contention. As a result, many of the previous sections of discussion have
attempted to use linked cross-references to what it is hoped are reliable sources of information, even though
some of this information contradicts other sources. Despite some obvious differences in opinions, it is argued that
there are reputable climate scientists working on both sides of the debate, whose work and ideas need further
consideration, not name calling.

So, first, by way of an overall summary of the discussions so far:
•

Scope of Climate Change is essentially a timeline of events that mark the development of the climate change
debate, which also tried to highlight that this debate extends beyond the remit of science, as it has come to
include both political and economic perspective and plus the self-interest of individuals and nation-states. It
was also highlighted that despite the IPCC being in existence for the last 40 years, the global usage of fossil
fuels has simply grown to meet the energy demand of nation-states around the world.

•

History of Climate Change tried to outline the sequence of long-term cyclic ice-ages, which predated the any
increase in man-made CO2 emission. We might also highlight as both sides of the debate agree that climate
change has happen, is happening and will continue to happen, while disagreeing on the scope of man-made
climate change since the industrial revolution. However, in this wider context, there must be mechanisms that
lead to climate change that work, independent of CO2 levels, over timescales counted in thousands of years.

•

Energy Dimensions was an attempt to outline an aspect of the wider debate surrounding climate change, as
any solution to restrict man-made CO2 might have an adverse effect on the lives of many millions, if not
billions, of people in developing economies. For these economies might reasonably perceive that fossil fuels
are the only large-scale and economic option open to them to satisfy their growing aspiration for a better life,
which many have argued will depend on their ability to generate electricity.
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•

Energy from the Sun works on the general accepted assumption that the Sun is the primary source of energy
that drives Earth’s climate. As such, it was felt that some explanation of the Milankovitch Cycles covering
Earth’s eccentricity of orbit, its axial tilt and precession around this axis was important in order to separate the
causes of long-term climate change, i.e. thousands of years, from more recent changes, i.e. hundreds of years.
In this context, it was concluded that the Milankovitch cycles were only a factor over the long-term cycles.
However, it was also suggested the variance of the Sun’s energy output in terms of sunspots and the solar
wind might trigger indirect effects that may have implications on more recent climate changes, which also
pre-date man-made industrialisation.

•

Climate Change Mechanisms was an attempt to outline a number of mechanism, over and above CO2
emission, which might be effecting climate change, e.g. Solar Cycles & Sunspots, Plate Tectonics, Volcanism,
Earth’s Oceans, Earth’s Atmosphere, Earth’s Albedo, Space Weather, Cosmic Rays, Geomagnetic Reversal.
However, while it was recognised that this discussion was not authoritative on any of these issues, it was felt
that there was scope for further debate and it would be premature to simply assume that the science was
already settled.

•

Climate Change Models it was accepted that this was only a very limited investigation into how climate model
work centred on an article entitle ‘Climate Model for the Layman’ published in 2017 by Professor Judith A.
Curry. While many might refute the implication of this discussion, it was felt that these models were also
subject to their own limitations, especially when attempting to extend prediction into the future on timescales
measured in decades. If the IPCC policy recommendations are to be based on these model, it was felt that
their accuracy needs to be more clearly and widely recognised, not as a criticism, but more as an incentive for
further development.

•

Climate Model Assessment was an extension of the previous discussion of climate models that attempted to
consider the sensitivity of these models to any initial data assumptions. In part, the discussion also attempted
to consider why there might be two very different interpretations of the accuracy of current climate models
given by John Christy, a climate scientist, and Gavin Schmidt, a climatic scientist. This led to a questioning of
the IPCC’s confidence in climate models, which appeared incongruous to all the issues outlined.

While this review has raised a number of issues of concern regarding some of the scientific assumptions, especially
in the area of climate models to accurately predict long-term climate change, we might put these concerns aside to
ask a more fundamental question at this point:
If we can mitigate CO2 emission, then should we not start this process straight away?
In part, this might be seen as a reasonable assumption of the current mainstream consensus, although we possibly
need to further question the implications of this assumption on the economy of various nation-states, especially
those of developing economies. While the following outline is not really part of this review of the climate change
debate, as it is the focus of another discussion, in development, entitled ‘Brave New Worlds’ that is attempting to
characterise the complexity of ‘human ecosystem’, as simplified below, as an interaction between multiple facets
of present-day modernity and potential developments that have to be projected into the future.
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For much of humanity’s million-year history, its population existed on a knife-edge in that only a few extra deaths,
rather than births per year could have resulted in extinction. Two thousand years ago, the global population had
increased to 200 million, by the start of the industrial revolution in 1750, it had increased towards 700 million and
over the next 250 years, the global population grew to exceed 6,000 million. Within the last 18 years, the global
population has increased to 7.4 billion and expected to rise to 9.7 billion before 2050. While these increases
actually reflect an exponential growth, not linear as possibly implied in the table below, we might realise that most
problems may be related to the impact of population growth on the ecosystem, as defined, where the problem of
climate change is but one of many.

Year

Years

Population

Population
Increase

Increase
per year

0
1750

n/a
1750

200,000,000
700,000,000

n/a
500,000,000

n/a
285,714

2000
2018
2050

250
18
32

6,000,000,000
7,400,000,000
9,700,000,000

5,300,000,000
1,400,000,000
2,300,000,000

21,200,000
77,777,778
71,875,000

This population increase has always been dependent on an ability to harness energy, which since 1750 has been
dominated by the use of fossil fuels, which has probably been responsible for the 40% increase in CO2 emission
over the same timeframe. However, irrespective of whether the increased use of fossil fuels is responsible for
climate change or not, it would appear that the world at large is not prepared to stop using fossil fuels unless a
better alternative can be developed. So, embedded within the climate change debate is the issue of how we not
only maintain energy usage, but how we increase global energy usage and reduce costs. While it is not within the
scope of this discussion to fully consider this issue, initial reference might be made to a 2014 report entitled ‘Our
High-Energy Planet: A Climate Pragmatism Project’. An extract from the executive summary states:
“Today, over one billion people around the world, five hundred million of them in sub-Saharan Africa alone,
lack access to electricity. Nearly three billion people cook over open fires fuelled by wood, dung, coal, or
charcoal. This energy poverty presents a significant hurdle to achieving development goals of health,
prosperity, and a liveable environment. The relationship between access to modern energy services and
quality of life is well established. Affordable and reliable grid electricity allows factory owners to increase
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output and hire more workers. Electricity allows hospitals to refrigerate lifesaving vaccines and power
medical equipment. It liberates children and women from manual labour. Societies that are able to meet
their energy needs become wealthier, more resilient, and better able to navigate social and environmental
hazards like climate change and natural disasters. Faced with a perceived conflict between expanding global
energy access and rapidly reducing greenhouse emissions to prevent climate change, many environmental
groups and donor institutions have come to rely on small-scale, decentralized, renewable energy
technologies that cannot meet the energy demands of rapidly growing emerging economies and people
struggling to escape extreme poverty. The UN’s flagship energy access program, for example, claims that
‘basic human needs’ can be met with enough electricity to power a fan, a couple of light bulbs, and a radio
for five hours a day. A reconsideration of what equitable energy access means for human development and
the environment is needed.”
However, while this report may quantify the scope of a problem, primarily in terms of wealth and energy
inequality, it is not clear that is has any specific solution or necessarily wants to discuss some of the wider
implications of supporting further population growth. While environmentalists and supporters of ‘green energy’
may simply assume that renewable energy, in the form of solar and wind, can meet all global demands at a cost
that the developing economies can afford, the reality of this position has to be seriously questioned along with the
current assessment of climate change. For in reality, climate change is not ‘the only problem’ but rather only one of
many problems that may come to seriously challenge the future of humanity.
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1.1.9 Appendix-A: The Scientific Debate
This discussion is positioned, as an appendix, outside the
main body of discussion because the opinions being
referenced do not necessarily align with the duty of
inquiry undertaken by the Mysearch website. However,
while it has been stated that this inquiry into various
aspects of the climate change debate carries no weight
of authority, it has raised some concerns about the
polarisation of the debate and the apparent dependency
on climate models to support its mainstream
conclusions. However, let us start with the assumption
that we, the public, are actually being asked to consider
the pros and cons of the climate change debate.
What would we need to do?
Well, we might realise that we would have to review a considerable amount of information that is available to us,
covering both sides of the debate. However, while this might sound like a reasonable approach, the truth is that
most people are too busy with all life’s other priorities to invest the time necessary to investigate the wide scope
of issues surrounding this complex subject in any detail. As such, public opinion is often based on mainstream
presentations of the climate change debate, possibly in the form of Al Gore’s 2006 documentary entitled ‘An
Inconvenient Truth’, which references the much publicised ‘Hockey Stick’ graph. Of course, since that time, we
have also been told that there is a 95% consensus of scientists who now agree with the IPCC’s position on climate
change, i.e. man-made global warming is real and dangerous to us and the future of our children. Finally, and more
recently, even President Obama has stated that:
“The debate is settled. Climate change is a fact.”
Based on this weight of authority many people will simply go along with the apparent overwhelming consensus
without necessarily knowing about any counter-claims, which do exist. Of course, whether any of the
counter-claims are true is another issue and possibly one even more problematic for the general public to trust,
especially if sourced by people and organisations they know nothing about.
Note: While Barack Obama and Al Gore are names recognised by the public, we might realise that they are
not climate scientists, they were politicians. We might also question, who exactly is represented by the 95%
consensus, what is their weight of authority, do they have any vested interests in pursuing the IPCC model.
So, what people may not necessarily appreciate when first exposed to the climate change debate is that both sides
accept that ‘climate change is a fact’ and only disagree on the scope of the many climate change mechanisms that
may influence the future direction and severity of climate change. Therefore, this appendix simply attempts to
provide references to the other side of this debate, even though we been told that there is nothing more to
discuss.
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Note: One of the most worrying implications of the polarisation of the climate debate might be considered in
terms of the U.S. Attorney General discussing the possibility of pursuing civil actions against so-called
‘climate change deniers’ and referring the issue to the FBI to determine whether or not it meets the criteria
for which action might be pursued. The very fact that a high ranking public official might even be
considering the legality of investigating or prosecuting anyone over a scientific theory is very worrying on so
many levels that we might fear some analogy with the historic persecution of Galileo for disagreeing with
the consensus of his time.
While this appendix will be biased towards the counter-arguments of climate change, the links above provide
reference to the mainstream consensus, while further information is easy to find on the Intergovernmental Panel
on Climate Change (IPCC) website or via Wikipedia discussion of climate change. Therefore, the rest of this
appendix will attempt to provide references to the counter-arguments and while some attempt has been made to
only link to reputable websites, where the opinions of climate scientists with acknowledged credentials are
discussed; the reader is still urged to question the claims made on this side of the argument as much as the other
side. The first references below link are two YouTube videos, which might provide a reasonable starting point for
anybody wanting to get an initial overview of the counter-arguments.
•
•

The Big Secret About Climate Change. Part 1
The Big Secret About Climate Change. Part 2
Note: The participants in the video are all respected scientists, who are working in various fields associated
with climate change, such that their opinion might be considered to carry some weight of authority, i.e. Nir
Shaviv, Paul Reiter, Philip Stott, Richard Lindzen, Patrick Moore, Roy Spencer, John Christy, Nigel Calder,
Patrick Michaels, Carl Wunsch, Eigil Friis Christensen, Piers Corbyn. This list of names is also extended in
Appendix-B.

The next link is a 2014 article published by scientist Steven Koonin in the Wall Street Journal entitled ‘Climate
Science Is Not Settled’, which suggests that we still do not have all the necessary knowledge needed to form a
sensible global climate policy. For those who may wish to initially know more about Global Climate Models and
Their Limitations, this article provides a reasonably detailed summary that goes on to discuss, model simulation
and forecasting, modelling techniques, elements of climate changes and large-scale phenomena.
So, what about the wider technical arguments?
The next set of references widens the discussion to further consider the role of solar activity on Earth’s climate.
The first reference is a web-based article by meteorologist Paul Dorian on solar activity in 2016, which appears to
be a reasonable and balanced introduction of some of the key issues of concern. The reader might then want to
consider an article by Henrik Svensmark entitled ‘The response of clouds and aerosols to cosmic rays’, which was
published in 2016 in the Journal of Geophysical Research and a 2015 presentation by Nir Shaviv entitled ‘The Sun’s
Role in Climate Change’. David Hathaway, who is an astrophysicist at NASA, has also produced an 87-page article
entitled ‘The Solar Cycle’ that appears to present an unbiased and detailed review of solar activity. Obviously, if
solar activity in isolation can warm, or cool, the Earth's climate, then weather patterns and cloud coverage might
also change; although it is not really known whether the resulting cloud changes would diminish the warming or
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enhance the warming, due to either negative and positive feedback mechanisms. Equally, it is not really
understood whether the changes in cloud formation and coverage would increase or decrease precipitation and
water supplies in given regions across the global, which might also change weather patterns.
Note: However, we need to draw a distinction between weather and climate along with climate change and
the natural variability in the weather. Weather describes the current atmospheric conditions, such as
rainfall, temperature, and wind speed, at a particular place and time., which can be subject to change on
relatively short timescales.
In the diagram, we see the arrow of time moving
to the right and incrementing in duration. In this
context, climate change typically takes place over
decades and centuries, while weather in the form
of a rain storm might only last an hour or so,
although severe storms, i.e. hurricanes, may last
for days. Likewise, climate variability may be considered in terms of specific climate patterns such as the El-Nino
effect in the Pacific Ocean. Therefore, some care is required when attempting to extrapolate shorter-term changes
in the weather and climate variability as being a reflection of longer-term climate change. Geophysical Fluid
Dynamics Laboratory works with the National Oceanic and Atmospheric Administration, such that we might
assume they will support the mainstream consensus on climate change. However, they have produced a balanced
assessment on hurricane activity in which it is stated that:
“It is premature to conclude that human activities, and particularly greenhouse gas emissions that cause
global warming, have already had a detectable impact on Atlantic hurricane or global tropical cyclone
activity.”
Likewise, a 2007 article entitled Counting Atlantic Tropical Cyclones Back to 1900 also provide some perspective on
the scope that climate change may have already changed current weather patterns. While the link allows
reference to the entire article, the following extract may provide an initial insight.
“Mann and Emanuel [2006] used this data set to find a positive correlation between sea surface
temperatures and Atlantic basin tropical cyclone frequency for the period of 1871–2005. Likewise, Holland
and Webster [2007] analysed Atlantic tropical cyclone frequency back to 1855 and found a doubling of the
number of tropical cyclones over the past 100 years. Both papers linked these changes directly to
anthropogenic greenhouse warming. However, both analyses, with no indication of uncertainty or error
bars, presumed that tropical cyclone counts are complete or nearly complete for the entire basin going back
in time for at least a century. This article will show that this presumption is not reasonable and that
improved monitoring in recent years is responsible for most, if not all, of the observed trend in increasing
frequency of tropical cyclones.”
As such, some care might be needed in simply assuming that any perceived changes in short-term weather
patterns has to be attributed to global warming. While this statement is not intended to refute that some global
warming has taken place over the last 100 years, the extent that it can be attributed to CO2 increases requires
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further consideration. As previous indicated, new research suggests that fluctuations in solar activity may also be
linked to changes in temperature, possibly better than CO2 levels. This statement might be supported by another
web-based article by Nir Shaviv entitled ‘Carbon Dioxide or Solar Forcing?’. In a similar fashion some have
questioned the correlation between climate change and sea-level in a 2012 article entitled ‘Twentieth-Century
Global-Mean Sea Level Rise (GMSLR)’ that concludes:
“The reconstructions account for the observation that the rate of GMSLR was not much larger during the last
50 years than during the twentieth century as a whole, despite the increasing anthropogenic forcing.
Semi-empirical methods for projecting GMSLR depend on the existence of a relationship between global
climate change and the rate of GMSLR, but the implication of the authors’ closure of the budget is that such
a relationship is weak or absent during the twentieth century”
At this point, the reader may like a break from reading too many articles and view another YouTube video entitled
‘Interview with Professor Richard Lindzen’, who was Professor of Meteorology at MIT until he retired in 2013 and
was a lead author of chapter-7 of the IPCC third assessment report on climate change. However, Lindzen criticized
the assumed scientific consensus on climate change as long ago as 2008 in an article entitled ‘Climate Science: Is it
currently designed to answer questions?’
Note: A more recent report has been produced by the Global Warming Policy Foundation, which covers the
testimony given by four prominent climate scientists, i.e. Judith Curry, John Christy, Michael Mann and Roger
Pielke, to a hearing of the Committee on Science, Space and Technology of the US House of Representatives
in March 2017.
In 2013, Stefan Molyneux, who is not a climate scientist, produced a YouTube video entitled ‘Climate Change in 12
Minutes - The Skeptic's Case. While this appendix has try to avoid using material source by non-experts, the video
might reflect the understandable confusion that may well linger in the mind of the general public, hence its
inclusion. However, Judith Curry, who is a climatologist and former chair of the School of Earth and Atmospheric
Sciences at the Georgia Institute of Technology gave a lecture in 2015 entitled ‘Climate Science and the Uncertainty
Monster’, the scope of which is summarised below:
“How to understand and reason about uncertainty in climate science is a topic that is receiving increasing
attention in both the scientific and philosophical literature. This is one perspective on exploring ways to
understand, assess and reason about uncertainty in climate science. Uncertainty associated with climate
science and the science-policy interface presents unique challenges adding to the complexity of the climate
system itself, the potential for adverse socio-economic impacts of climate change, and politicization of
proposed policies to reduce societal vulnerability to climate change. The challenges to handling uncertainty
at the science-policy interface are framed using the ‘monster’ metaphor, whereby attempts to tame the
monster are described. Uncertainty of climate models is interpreted in the context of model inadequacy,
uncertainty in model parameter values, and initial condition uncertainty. The challenges of building
confidence in climate models are described. A concerted effort is needed to identify better ways of framing
the climate change problem, explore and characterize uncertainty, reason about uncertainty in the context
of evidence-based logical hierarchies, and eliminate bias from the consensus building process.”
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Part of the certainty being questioned also concerns the role of solar variability on northern hemisphere
temperature, which are often used to provide some of the initial parameters of various climate models or used as
an accuracy reference for the output of these models. The paper referenced above is by Willie Soon, Ronan
Connolly and Michael Connolly, where the following extract is taken from the conclusion section.
“One reason why the ‘hind-casts’ might have failed to accurately reproduce the temperature trends is that
the solar forcing they used all implied relatively little solar variability. However, in this paper, we carried out
a detailed review of the debate over solar variability, and revealed that considerable uncertainty remains
over exactly how the Total Solar Irradiance (TSI) has varied since the 19th century. When we compared our
new composite to one of the high solar variability reconstructions of Total Solar Irradiance, which was not
considered by the CMIP5 hind-casts, we found a remarkably close fit. If the Hoyt & Schatten reconstruction
and our new northern hemisphere temperature trend estimates are accurate, then it seems that most of the
temperature trends since at least 1881 can be explained in terms of solar variability, with atmospheric
greenhouse gas concentrations providing at most a minor contribution. This contradicts the claim by the
latest Intergovernmental Panel on Climate Change (IPCC) reports that most of the temperature trends since
the 1950s are due to changes in atmospheric greenhouse gas concentrations.”
While the references presenting the other side of the debate might be extended almost indefinitely, the examples
covered might reasonably suggest that the debate is not over and much research work is still required before
making energy policy decisions that might affect the lives of billions on a global scale.
1.1.10 Appendix-B: The Scientific Debaters
This appendix is simply a wider cross-reference of scientists, who either question the accuracy of climate science,
argue that many of the mechanisms are natural in as much that they cannot be directly linked to CO2 emissions or
that the causes of climate change are still not fully understood. As such, it is argued that these scientists are not
‘deniers’, but rather ‘debaters’ of climate change mechanisms and its implications.
Scientists questioning the accuracy of IPCC climate projections (20)
•
•
•
•

David Bellamy, Lennart Bengtsson, Judith Curry, Freeman Dyson, Ivar Giaever, Steven E. Koonin,
Richard Lindzen, Craig Loehle, Ross McKitrick, Patrick Moore, Nils-Axel Mörner,
Garth Paltridge, Roger A. Pielke, Jr., Denis Rancourt, Harrison Schmitt,
Peter Stilbs, Philip Stott, Hendrik Tennekes, Anastasios Tsonis, Fritz Vahrenholt,

Scientists arguing that global warming is primarily caused by natural processes (28)
•
•
•
•
•
•

Khabibullo Abdusamatov, Sallie Baliunas, Timothy Ball, Ian Clark, Vincent Courtillot,
Chris de Freitas, David Douglass, Don Easterbrook, William Happer, Ole Humlum,
Wibjörn Karlén, William Kininmonth, David Legates, Anthony Lupo, Tad Murty,
Tim Patterson, Ian Plimer, Arthur B. Robinson, Murry Salby, Nicola Scafetta,
Tom Segalstad, Nir Shaviv, Fred Singer, Willie Soon, Roy Spencer, Henrik Svensmark,
George H. Taylor, Jan Veizer,
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Scientists arguing that the cause of global warming is unknown (12)
•
•
•

Syun-Ichi Akasofu, Claude Allègre, Robert Balling, Pål Brekke, John Christy, Petr Chylek,
David Deming, Stanley B. Goldenberg, Vincent R. Gray, Keith E. Idso, Kary Mullis,
Antonino Zichichi,

Scientists arguing that global warming will have few negative consequences (4)
•

Indur M. Goklany, Craig D. Idso, Sherwood B. Idso, Patrick Michaels

Deceased scientists who have oppose mainstream climate change (8)
•
•

August H. "Augie" Auer Jr., Reid Bryson, Robert M. Carter,
William M. Gray, Yuri Izrael, Robert Jastrow, Frederick Seitz
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