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Introductory
Note To Readers

I

am a conservationist who believes in protecting the
natural environment and minimizing waste, and
I consider myself fortunate to be part of a society
which promotes the dissemination of knowledge and
economic prosperity. These complementary convictions
led to the preparation of this book on global warming.
Growing up on a nature reserve and being committed to a variety of environmental causes made
it initially difficult to set aside biases and openly
challenge the widely accepted views on climate
change. But upon realizing the empowerment that
comes from a better understanding of the issues, I now
firmly believe that if people confront global warming
with reason and solid facts, more sensible actions will
eventually emerge.
Through my studies and engagement with knowledgeable experts, I compiled this report with a focus
on the social and economic implications of climate
change. For this I owe special thanks to Dr. Peter
Schleifenbaum of the Haliburton Forest and Wildlife
5
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Reserve, whose work as a steward of the Earth is
enlightened and set a standard for me to follow.
To entice those who have not yet felt interested
in the fascinating issues surrounding climate change,
I have listed below a few of the lesser known facts
drawn from the pages of this book.
	The

leading founders of climate science, like the late
Roger Revelle, urge governments to be cautious before
being swept away by climate-related alarmism.

	It

was only 40 years ago that scientists were obsessed
with global cooling, and some meteorologists are still
warning that the Earth may face a deep freeze within
30 years.

	The

Sun plays a significant role in warming our
climate, and is at its most active phase in about 1,000
years; accordingly, other planets in the solar system
are also warming.

	The

last time the Sun was so active the world warmed
significantly, which allowed for great advances in
agriculture, commerce, and society.

	Wood used in furniture and building materials does not

earn carbon credits, notwithstanding that the wood’s
carbon is stored indefinitely, while wood burned
as fuel is considered “carbon neutral” and receives
carbon credits when used to displace fossil fuels.
6
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	Plant

growth and crop output have increased and soil
conditions improved as a result of the higher carbon
dioxide concentrations in the atmosphere since the
18th century.

	Aerosols,

produced by burning coal and other
materials, have a cooling effect, and may soon be
manufactured to counter the warming effects of
carbon dioxide.

	Carbon

dioxide is less than 0.05%, and anthropogenic
CO2 less than 0.0025%, of the upper atmosphere.

	Most

North American manufacturers have cut
emissions, with aluminum, steel, chemical and paper
manufacturers being well beyond the Kyoto Protocol
goals.

	Many

previously reluctant businesses and political
parties are now stepping up to the challenge of cutting
emissions and other pollutants.

With these facts and anomalies in mind, I encourage you to read through this book, or at least the
chapters that pertain to your areas of interest, such as
forest management, alternative energy or emission
abatements.
I welcome your comments and suggestions for my
own personal learning or inclusion in future editions
of this book.
Malcolm Cecil-Cockwell
November 1, 2007
7
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Foreword
Explore widely, tread lightly; so others will do the same.
– Peter Walton

T

his book examines one of the most important
environmental issues faced by the world
today. Its focus is on less commonly known facts
which could be helpful to readers in assessing the
merits of environmental policies being considered by
governments and their impact on each of us.
Changes in the Earth’s climate have been constant
since its birth, approximately four billion years ago.
Variations in the intensity of cosmic rays, the tilt of the
Earth, volcanic eruptions, asteroid impacts and human
interventions have periodically caused changes to the
Earth’s form, the diversity of its animal and plant life,
and inevitably resulted in climate change.
Fortunately, at least during the past millennium,
the Earth has demonstrated its capacity to recover from
even cataclysmic events, albeit with different ecological systems eventually emerging. There have also been
11
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long stable periods when changes in the climate have
been imperceptible for thousands of years.
What is notable about the past century, however,
is that mankind may have had a measurable, and some
believe an irreversible, impact on the rate of ecological
change. This has engendered concerns that if the
current rate of world economic growth and its related
demand for fossil-fuelled energy continues unchecked
a chain reaction could be triggered, which nature may
be ill-equipped to counteract.
Until recently, few government or business
leaders have been prepared to make environmental
issues a major priority. While they debated, poisonous
chemicals and toxic gases flowed at an increasing rate
into the Earth’s waterways and the atmosphere.
We can take comfort, however, in the fact that
there is now solid evidence that governments and
the private sector working together have the ability
to reverse some of the earlier distress placed on the
environment. For example, DDT spraying and its
deleterious effect on nature’s food chain has been
effectively contained, at least in the Northern Hemisphere. In addition, the ozone layer is recovering, and
acid rain and phosphate damage to fresh water lakes
are being arrested.
However, largely as a result of the extreme skepticism with which the issue was for a long time viewed
12
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in many countries, little progress has been made in
relation to tracking greenhouse gas emissions. It also
has not helped that in some quarters those concerned
with greenhouse gases and their impact on the Earth’s
climate have been considered radicals.
Progress in addressing greenhouse gas emissions
has been further hindered by less developed countries
persisting with their view that the remedial measures
sponsored by developed nations are meant to shackle
their emerging competitive abilities. With such distrust
prevailing, it has been easier to ignore the issues
than to struggle to achieve cooperation between the
different regions for the implementation of costly
remedial measures.
Fortunately, attitudes started to change approximately thirty years ago, when a younger generation
took a genuine interest in the environment and gained
sufficient knowledge to intelligently engage their
elders. Today, members of this generation occupy
leadership positions in the public and private sectors,
in addition to representing a meaningful voting block.
As a result, political parties around the world have
come to realize that to win the support of the younger
members of their electorates, they need to earnestly
embrace and implement dynamic environmental
policies.
13
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Converting politicians and other influential individuals to the environmental cause has been facilitated
by respected scientists and high-profile leaders of the
world community presenting the case for action in
a more simplified and understandable form. This has
broadened the audience of believers who are willing to
make personal sacrifices to deal with the environmental
problems which lie ahead.
Confronted with a groundswell calling for action
on environmental issues, standing still or ignoring
the public’s concerns creates serious consequences
for politicians or business leaders who withhold their
support.
In response, and in their attempts to demonstrate decisive leadership, politicians of virtually all
persuasions have begun to promote comprehensive
environmental policies. Many of these are long
overdue, while others are premature and motivated
by a desire to upstage or overshadow political rivals.
It is, however, certain that governments, at least
in the foreseeable future, will not be returning to their
previous laissez-fair environmental policies. Similarly,
an increasing number of individuals and corporations
are recognizing that they need to be engaged in dealing
with the world’s more serious environmental issues.
14
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Whether or not climate change is largely
attributable to man-made greenhouse gases – rather
than enhanced levels of water vapor in the upper
atmosphere, strengthened cosmic rays, changes in
the Earth’s orbit, or other natural causes – is now less
relevant in making the decision to curtail pollution and
conserve valuable resources.
This is the underlying theme of this book, as it
attempts to show that there are only benefits to be
gained by embracing the notion that no individual has
the right to poison the Earth, pollute its atmosphere or
waste its resources.
By promoting these basic values, there is a better
chance of gaining broad voluntary public support for
a concerted effort to address these issues. Furthermore,
with individuals willingly doing their part, additional
resources will be available to deal with the world’s
other pressing problems.
This approach to climate change should be far
preferable to reacting desperately to fight a problem
we are yet to fully understand or to deferring until the
precise science is determined and all nations agree on
a course of action.

15

I

Setting the Stage:
Elements of Global Warming
and Climate Change

Men are so simple and inclined to obey immediate needs
that a deceiver will never lack victims for his deception.
– Niccolo Machiavelli

W

ith reasoned accounts of global warming and
climate change clouded by impassioned pleas
for immediate action, there is need for objective
presentations of the issue. This is particularly important
at this time, because some of the actions being pursued
and proposed by governments could have serious
economic consequences on the overall well-being of
many corporations and individuals around the world.

With the intent of being non-partisan, this book
aims to present commonly accepted facts as well as
contrarian views on climate change, and a variety
of other related environmental information, in as
pragmatic a manner as possible.
At the outset, it is important to distinguish climate
change and global warming, and their different potential
impacts on life on earth. For this purpose, climate
16
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change is defined as variations in weather patterns
measured over the long term. Global warming, on the
other hand, is defined as long- or short-term warming
trends in the Earth’s average temperature, taking into
account the results and implications of this warming.
Global warming, on its own, may not be seriously
harmful for humanity, and in fact the warming period
between 1000 and 1600 A.D. saw increased prosperity
for much of Europe. Crop yields improved and the
quality of life advanced.
Climate change, on the other hand, may or may
not be related to global warming. Climates can change;
that is, they can both warm and cool, helping or hurting
social progress, and in particular, agricultural productivity.
There is little doubt that climate change issues
will receive considerably more attention in the period
ahead, as scientists, politicians, corporate leaders and
the public at large attempt to find effective ways to
safeguard the environment.
Until recently, most people believed that the
world was so large and the forces of nature so strong,
that mankind’s actions really would not have a measurable impact on the environment. However, the
United Nations (UN) Intergovernmental Panel on
Climate Change (IPCC), in the assessment report
17
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issued in February 2007, concluded that it was very
safe to assume that man-made, or anthropogenic,
greenhouse gas emissions were capable of contributing
to global warming. 1
The IPCC report went on to state that although
greenhouse gases were a very likely contributor to
climate change, it could not be proven beyond doubt
by formal theoretical arguments or scientific methods
that they were a sole, or even large, cause of global
warming.
Having acknowledged that there is no irrefutable
factual certainty about the extent to which humans are
contributing to climate change, and in consequence,
global warming, it can be expected that some scientists
will continue to challenge the IPCC’s conclusions
by presenting alternative theories for climate change
which don’t rely on the recent increase in human and
industrial emissions.
Before delving deeper into this issue it is worth
considering the main gases which are generically
referred to as “greenhouse gases.”
Greenhouse gases are essentially natural or
synthetic compounds. A collection of these gases is
able to trap heat in the atmosphere for short or long
periods of time.
1	United Nations, February 2007, “Fourth Assessment Report” Intergovernmental Panel
on Climate Change
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The following gases are most notable for their
contribution to the “greenhouse effect”:
	Carbon

dioxide is the most prominent gas and
receives the most attention. For that reason, all
anthropogenic emissions are converted into
carbon dioxide emission equivalents (CO2e) when
they are measured. Carbon dioxide enters the
atmosphere through the burning of fossil fuels,
solid waste, trees and wood products, and other
chemical and industrial processes. It is also generated by decaying forests, volcanic eruptions and
other natural processes, and is removed from the
atmosphere when it is absorbed by plants as part
of the biological carbon cycle as well as through
a chemical reaction with ocean water.

	Methane

gas is emitted during the production
of coal, natural gas, and oil. Methane emissions
also result from livestock and other agricultural
activities and from the decay of waste in municipal landfills and other buried organic deposits.
Vast amounts of methane gas are stored under the
permafrost in the Northern Hemisphere, which
would be liberated should these regions become
much warmer and the permafrost melt. Methane
is thirty times more potent that carbon dioxide as
a heat-trapping greenhouse gas.
19

Objective Ecology
	Nitrous

oxide is emitted by livestock and other
agricultural and industrial activities, as well as
during the combustion of fossil fuels and solid
waste. It is also more powerful than carbon dioxide
in trapping heat in the upper atmosphere.

	Hydrofluorocarbons,

perfluorocarbons, and sulfur
hexafluoride, collectively referred to as fluorinated
gases, are synthetic and very powerful gases
created through a variety of industrial processes.
These gases are typically emitted in smaller quantities but are much more potent than the others
mentioned.

The most prolific gas and the one which receives the
greatest media attention and scientific commentary
in the global warming debate, rightly or wrongly,
continues to be carbon dioxide. There is still much
to be learned about the precise role this gas performs
in the upper atmosphere as well as closer to home.
For example, scientists calculate that the enhanced
carbon dioxide emissions created since the commencement of the industrial era should have increased
its concentration in the upper atmosphere by 40%.
However, with approximately 50% of this theoretical
increase missing, the actual increase in the carbon
dioxide content of the atmosphere is estimated to be
only 21%.
20
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Scientific bodies don’t really know what nature
has done to counteract the additional carbon releases,
which illustrates how elusive the science of climate
change is still today.
Some of the missing carbon is attributed to more
advanced agricultural practices acting as enhanced
carbon sinks. It is also believed that a portion of the
missing carbon has found its way into the oceans
through chemical reactions. This will be commented
on in more depth later.
Prior to examining how greenhouse gases have
contributed to climate change and potentially global
warming, it is worth highlighting some of the evidence
put forward by the IPCC in its most recent report to
support the conclusion that carbon emissions are
increasing and that they are causing climate change. 2
First, eleven of the last twelve years (1995-2006)
are claimed to rank among the twelve warmest years
on record for global surface temperatures during the
past hundred years.
Second, the average atmospheric water vapour
content has increased over the past twenty-five years,
consistent with the extra water vapour that warmer air
can hold.
2	United Nations, February 2007, “Fourth Assessment Report” Intergovernmental Panel
on Climate Change
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Third, the average temperature of the oceans has
increased, absorbing 80% of the heat added to the
climate system. This has caused ocean waters to
expand, contributing to a rise in sea levels.
Fourth, mountain glaciers and overall snow cover
have declined on average in both hemispheres, other
than the Antarctic.
Fifth, average Arctic temperatures have increased
at almost twice the global average rate in the past one
hundred years.
Sixth, significantly increased precipitation has
been observed in the eastern parts of North and South
America, Northern Europe and Northern and Central
Asia.
Seventh, more intense and longer droughts have
been observed since the 1970’s, particularly in the
tropics and sub-tropics.
Extrapolating from these findings, the IPCC
expects snow cover in the Northern Hemisphere to
contract, extreme weather events to become more
frequent, and the warming impact to be greatest in
northern latitudes, like Canada and Russia.
If greenhouse gas emissions continue unchecked,
it is reasoned that their concentrations in the upper
atmosphere will rise and thereby contribute to further
22

Setting the Stage
climate change, leading to higher sea levels over the
next one hundred years.
Due to the extended time-scales for the removal
of carbon dioxide and other greenhouse gases from
the atmosphere through the oceans and other natural
means, the IPCC study questions whether nature will
be able to perform its stabilizing role as effectively as
it has done in the past and mitigate global warming.
The Antarctic, which has for a long time been
populated with weather stations operated by twelve or
more countries committed to protecting their interests
and researching this large land mass, appears to be an
anomaly in the global warming trends. These stations
provide reliable evidence that there is no statistically
significant average temperature changes taking place
in that region.
This discovery supports the scientific theory that
changes in the tilt of the Earth’s axis have altered the
amount of solar heat entering the Earth’s atmosphere
and retained in the northern oceans and land masses,
rather than the increase in the proportion of greenhouse
gases in the upper atmosphere.
Whether you agree with these contrary views
or the IPCC reports, it is considered indisputable
that global warming is taking place in large areas of
the world to at least some degree. What is unclear
23
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is its precise cause, whether the benefits outweigh
the negative consequences, and how to best control
and economically reduce man-made greenhouse gas
emissions.
There are many who prefer and expect greenhouse gas reductions to be accomplished through
technological breakthroughs, in contrast to imposing
quotas or curtailing industrial activity.
In this regard, they point out that the technological
ingenuity of the human race should not be underestimated. When the challenge is sufficiently critical,
and the potential rewards sufficiently compelling, the
intellectual capacities of individuals, and in fact nations,
are effectively harnessed and results are achieved in
a surprisingly short span of time.
For example, in the 1960s, when technological
prestige was at stake, the U.S. placed astronauts on
the moon in the space of a few years, and notably
only sixty years after the Wright brothers’ first flight.
Similarly, in times of war when survival is threatened,
new weapons are invented which would otherwise
not be developed. It is conceivable that concerns over
climate change will speed up the rate of developing
environmental technology in a similar manner.
It is also important to take into account that
scientists and law makers tend to exaggerate problems
24
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to garner support for remedial measures, especially
if they are attempting to motivate a community at large
into action.
History shows that the actual costs of remediating
environmental degradation are usually less than the
costs projected at the time the regulations are being
formulated. Corporations later tend to find more efficient and lower cost methods to satisfy the regulatory
requirements. This was certainly the case in dealing
with asbestos in commercial buildings, and sulphur
dioxide emissions from industrial plants.
In the environmental world, much has already
been accomplished by working on a multi-national
basis. The hole in the ozone layer has been reduced, the
deleterious impact of many toxic chemicals have
been catalogued and are no longer produced, and
vast amounts of fresh water supplies have been
safeguarded.
We therefore have good reasons to be optimistic,
and believe that technological breakthroughs will be
made to deal with anthropogenic causes of global
warming. These include developing economically
viable methods to sequestrate carbon dioxide emissions
from industrial plants and coal-fired power stations,
substituting fuels with cleaner burning alternatives and
developing new ways to produce electrical energy.
25
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It should be clear that there are many views, as
well as solid facts, to contemplate before personal
or political choices can be made with confidence.
The pressure is on to make these choices, and they
are likely to be made in the near future by those who
are convinced that remedial actions are necessary to
preserve the world as we know and enjoy it today.
Obviously, the better informed individuals and
their government leaders are, the better and more
effective their choices will be.

26
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Contemplating the Popular Issue
of Climate Change

II

The only things that motivate men’s hearts are fear and interest
– Napoleon I

I

t is clear that the concerns over greenhouse gas
emissions, and their potential impact on the Earth’s
climate, have created the single largest environmental
issue faced by the world today.
The reason for the current intense interest in
the subject is that many people believe that unless
emissions are dramatically reduced, they could have
a profound impact on standards of living, far greater
than all of the chemicals and other pollutants
discharged by mankind throughout history.
The public engagement on the issue of climate
change has already exceeded the levels attained in
the numerous campaigns launched to save the world’s
tropical forests and endangered animal species combined. The issue has also consumed staggering amounts
of time and involved significant financial investment
by corporations, sovereign governments, as well as
ordinary citizens.
27
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Some of the current interest in climate change can
be attributed to frustration experienced over the years
by activists on other environmental issues. Martin
Durkin, creator of the documentary The Great Global
Warming Swindle, explains that many people justify
their support for immediate action on global warming
by claiming that humans consume too much. He
believes that as a result, climate change activism “has
cohered a bunch of disparate reactionary prejudices
(anti-car, anti-supermarket, and anti-globalization)
into a single unquestionable truth and cause.”
That is to say, people find it very convenient
to view climate change as the cause and result of
other social ills, thereby assuming that any action to
limit carbon dioxide emissions will naturally result in
a solution for those other problems.
This perspective is all too common among
concerned citizens in democratic countries, and while
convincing at times, it is unlikely to lead to lasting
solutions and tends to convert serious issues into
popular fads. In addition, there is a danger of opinions
being categorized as either morally sound and therefore correct, or deliberately formulated for national,
corporate or personal gains.
Bjørn Lomborg, a respected writer and social
thinker, has noted, “The public environmental debate
28
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has unfortunately been characterized by an unpleasant
tendency towards rather rash treatment of the truth.”
This, he claims, is due to the widespread fear created by
the constant repetition of exaggerated consequences.
The exaggerations have had a significant
influence on the decisions made by political leaders.
“Since the environment is a motherhood issue, no
politician wants to take a position against saving the
Earth and it is difficult to oppose the bureaucratic
agenda without appearing anti-environment,” writes
environmental economist Laura Jones in a paper for
the Fraser Institute. She continues, “Business leaders,
like politicians, are also reluctant to appear antienvironment.” 1
While it is encouraging to see people from around
the world sharing similar concerns when it comes to
climate change, too many have become obsessed with
the issue without looking into credible alternatives.
This state of mind is counter-productive and does not
generally lead to effective social change. It would
be better if individuals remain skeptical of scientific
findings, while also pursuing better lifestyles and
decreasing their environmental footprint.
In his account of gargantuan fads throughout
history, Charles Mackay describes some of the absurd
1

Fraser Institute, 1997, “Global Warming – The Science and the Politics” Laura Jones, et al.
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social obsessions which have plagued urban centres
over the past thousand years. Some of the fads
described by him are surprisingly akin to the current
climate debate, while others are simple reminders of
our tendency to become obsessed with the obscure. 2
In Mr. Mackay’s description of infatuations with
hair and beard fashions, he explains that towards the
end of the eleventh century the Pope excommunicated
all men with long hair from the Catholic Church.
St. Wulstan, the Bishop of Worcester, was known to
attack the hair of long-locked parishioners with a knife
until they agreed to cut it themselves.
He also tells us of past obsessions with religious
relics, explaining that “fragments, purporting to have
been cut from Christ’s cross, were in the 11th and
12th centuries, to be found in almost every church in
Europe, and would, if collected together in one place,
have been almost sufficient to have built a cathedral.”
More gruesome and indicative of human behaviour
is his description of St. Peter’s toe nails, which “were
uncommonly prolific,” yet still considered some of the
most valuable of relics. He writes, “Many a toe nail, cut
from the filthy foot of some unscrupulous ecclesiastic,
was sold at a diamond’s price.”
2	Harmony Books, 1980, “Extraordinary Popular Delusions and the Madness of Crowds”
Charles Mackay
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The most absurd obsession catalogued in more
modern times is “tulipmania,” which occurred in the
17th and 18th centuries. According to Mr. Mackay,
all through the Netherlands, every gentleman was
expected to have a collection of pretty flowers. Indeed,
collectors grew so desperate for better species with
larger blooms that some bulbs would sell for the equivalent of 50 oxen, 500 sheep, or 50 tonnes of cheese.
Where this social obsession came from is well beyond
explanation in relation to the current era.
While the examples offered by Mr. Mackay seem
extreme, there are contemporary cases of equal absurdity. Only eight years ago the “Y2K Bug” hysteria
dominated the headlines. Everywhere there were fears
of aircraft falling from the sky, weapons exploding,
computer systems rebelling, and medical devices
failing. Billions of dollars were spent unnecessarily
reprogramming virtually all computer systems, when
simply resetting their internal dating mechanisms
would have been quite sufficient.
Governments and the private sector were required
to spend excessively to mitigate the small risk of
computers actually failing, because their leaders
feared that they would otherwise be accused of being
negligent in fulfilling their duties.
31
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Who benefitted from this hysteria? Lawyers,
accountants and computer systems specialists, to name
just a few. Those arguing against the madness were
shamed into silence for their insensitivity to the
hypothetical risks. When the world entered the new
millennium and nothing materialized, surprisingly no
one was held accountable, yet many of the promoters
of this hoax had profited handsomely.
Could the Kyoto Protocol turn out to be based on
similarly flimsy foundations? There are a number of
scientists who would claim so. However, as with other
massive scares of the past, those who question and
call for reason are roundly ridiculed and their careers
jeopardized.
In the case of climate change, they have been
derogatively referred to as “Deniers,” a term unfortunately associated with disreputable individuals
who aim to erase the Holocaust from history books.
In the climate change debate, the objective is to label
those who question popularized climate science as
being blind to the most obvious facts.
Hans von Storch, lead author of the IPCC “Third
Assessment Report” in 2003 and director of the
Institute of Coastal Research at GKSS Research
Centre, identified a number of other environmental
concerns in prior periods that became, as he says,
“completely idiotic and dubious.”
32
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In the paper, which he wrote with colleague
Nico Stehr in 2005, he records historical examples of
“extreme weather phenomena [which were] explained
by adverse human interference”: 3
	In

Europe, a prolonged wet period in England in
the early 14th century was explained by religious
interpreters as a divine response to people’s lifestyles.

	Four

centuries later in Europe, the adverse conditions related to the unusual wetness of the summer of
1816 was ascribed to the introduction of lightning
conductors on buildings.

	In

North America, the improvement of the
western climate in the colonies was attributed to
the clearing of the landscape by settlers.

	And

at the turn of the last century, both the
extensive gun-fire during the first World War and
the initiation of short-wave trans-Atlantic radio
communications were blamed for wet summers.

The examples given above are a few of many
similar occurrences of societies being carried away
by each others’ absurd convictions. Fortunately, in
today’s most successful societies, responsible citizens
3

I nstitute fur Gewasserphysik and the Sustainable Research Development Institute, May 2005, “A history of human perceptions of anthropogenic climate change in the past 1,000 years” Hans von Storch
and Nico Stehr
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have access to a much broader array of information
and the ability to inform themselves. They also have
the freedom to vigorously question the scientific and
political ideas presented to them.
Dr. von Storch believes that responsible citizens
should view climate change as an important scientific
issue, rather than a trendy political or social obsession.
He wonders what causes the concept of “anthropogenic
climate change [to be] not merely an episodic but
an almost permanent issue that challenges scientists
and alarms non-experts.” He concludes that it has
probably been caused by “the readiness of members of
the scientific community to engage in public agenda
setting associated with a certain bias towards more
dramatic scenarios.”
Tim Flannery, author of The Weathermakers,
an encompassing account of climate change, in mentioning the Y2K hype notes that eventually “it gave
way … with barely a hiccough.” He praises skepticism,
calling it “our greatest asset in dealing with this type
of problem. And deep skepticism has a particularly
important role to play in science, for a theory is only
valid for as long as it has not been disproved.” 4
After reading further, one sees that Dr. Flannery
praises skepticism as a means of thinking around big
4

HarperCollins Publishers Ltd., 2005, The Weathermakers, Tim Flannery
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and intimidating government and corporate propaganda which downplays climate change science, rather
than as a means of thinking critically of all scientific
theories. Nonetheless, he encourages us to be skeptical
and views a respectfully critical attitude as “the lifeblood of science.”
To illustrate this point further, consider that less
than fifty years ago climatologists were concerned
about the world entering a cooling phase. Between
then and now, skepticism and new discoveries overwhelmed the commonly held notions from those days.
It is therefore possible that the current fascination
with global warming could also become obsolete if we
become more knowledgeable about the issue.
In 1998, Michael Mann, who wrote the “Observed
Climate Variability and Change” chapter of the
IPCC’s “Third Assessment Report”, created what is
now commonly known as the “Hockey Stick Graph.”
In a 2003 testimony before the U.S. Senate, Dr. Mann
said, “It is the consensus of the climate research
community that the anomalous warmth of the late
20th century cannot be explained by natural factors, but
instead indicates significant human influences. Such
a conclusion is the indisputable consensus of the
community of scientists actively involved in the
research of climate variability and its causes.” 5
5

U.S. Senate, July 21, 2003, “Testimony of Michael E. Mann” Michael Mann
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The Mann Hockey Stick Graph shows how, in
some instances, the case for climate change has been
developed on scientifically flimsy foundations. This
graph, perhaps more than any other illustration, has
served to recruit politicians, media and scientists to the
side that has chosen to act, whatever the cost. It shows
relatively stable temperatures for the last 1,000 years,
followed by temperatures shooting up precipitously
during the last fifty years. It has been used extensively by UN agencies like the IPCC and associated
climate scientists to support the case for anthropogenic
climate change.
In 2003, the graph was discredited by Canadian
researcher Steve McIntyre and well known economist
Ross McKitrick. They discovered that the U.S. government had changed the way it recorded temperatures
at the inflection point of the graph and that the Mann
researchers had never correlated the earlier temperature
readings with the new methodology. The Mann graph
therefore reflected temperature readings for earlier
years at lower levels than they should have. 6
In some years, the changes were relatively minor,
but in other cases they reversed the conclusions
previously drawn by Dr. Mann and his colleagues. For
example, the hottest year on the graph became 1934
6	Geophysical Research Letters, 2005, “Hockey Sticks, Principle Components and Serious Significance”
Stephen McIntyre and Ross McKitrick
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instead of 1998. Four of the ten hottest years were in
the 1930s, and only three were in the past decade, with
the fifteen hottest years spread over seven decades.
It is also noteworthy that eight of the fifteen hottest
years occurred before carbon dioxide levels began to
rise; only seven occurred afterwards.
Some claim that these corrections indicate that
there is no discernible warming trend that can be
deduced from the data available to the scientists who
created this much touted representation of “scientific
fact.”
It is very likely that other global warming claims
and remedial measures are built on equally weak foundations. Therefore, studying climate change should
be done with a fair dose of skepticism, particularly
because climate science is still in its infancy.
A more recent example, not unlike Y2K or
tulipmania, of social change being rushed in its implementation without sufficient reviews and debates
about the collateral consequences, is the introduction
of compact fluorescent (CFL) light bulbs. CFL bulbs
show how politicians desiring to show action, albeit
with the best of intentions, will move ideas forward
without a thorough consideration of the net benefits to
society.
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In 2007, a number of countries, including Canada,
decided to ban incandescent light bulbs, which waste
95% of the energy they draw. By 2012, retailers will
be required to sell only CFL bulbs, which are 75%
more efficient than incandescents and last almost ten
times longer.
Such valuable energy savings are praised as being
a saviour to both pocketbooks and ecosystems. But too
many consumers have overlooked the less appealing
side of CFL bulbs, accepting only the energy savings
at face value.
CFL bulbs contain mercury, a neurotoxin so potent
that a teaspoon-full can render an entire lake unsafe for
recreation. To safely dissipate the mercury contained
within a single CFL bulb, one would have to evenly
distribute it over 16 cubic kilometres.
According to a 1996 study by Pollution Probe,
only 7% of the 60 million bulbs containing mercury
disposed of annually are likely to be properly recycled.
In total, it is estimated that discarded and broken CFL
bulbs will soon be responsible for releasing four tonnes
of mercury into the air each year. 7
Brandy Bridges, a mother from Ellsworth, Maine,
recently discovered the cost of a mishandled CFL bulb.
7

Pollution Probe, 1996, “Mercury in Ontario: An Inventory of Sources, Uses and Releases”

38

Facts and Fads
While replacing a bulb in her daughter’s bedroom, she
dropped and broke it. After calling Poison Control and
a visit from a government inspector, she discovered
that mercury levels in the bedroom were six times
Maine’s recommended safe level. The cost of cleaning the mercury out of the room was approximately
$2,000.
In questioning whether CFL bulbs are cost
effective, Robert Skinner, a respected energy policy
analyst, points out that even if every light in Canada
was permanently turned off, the country’s greenhouse
gas emissions would only decrease by 0.5%. He adds
that many politicians like to advertise “successes”
such as the incandescent bulb ban with great fanfare,
because “they create illusions of progress, [which are]
dangerously misleading.”
This step toward energy efficiency would now
appear to be more complex in its benefits and caveats. One such area, arising only after analyzing the full
life-cycle costs, is that CFL bulbs may well result in
less mercury overall being produced than a typical
North American power plant would emit in producing
the extra energy required by retaining incandescent
bulbs. 8
8

Berkeley Energy Office, 2002, “Mercury, Compact Fluorescent Lights, and the Environment”
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Like many of the environmental initiatives carried
out to date, the banning of incandescent light bulbs
in favour of CFL bulbs could well be a positive step
towards lessening our overall ecological footprint.
But consumers and producers will need to remain wary
of ill-researched and hastily introduced initiatives
motivated largely by the lure of immediate political
gain. Being skeptical of poorly researched solutions
will save us from being misguided, prevent disappointment, and most importantly, ensure that responsible
actions and programs are eventually put in place which
receive the public’s support.
Before concluding this chapter it is worth considering whether there could be a simple solution to
anthropogenic carbon dioxide emissions comparable
to that used by innovative corporations to deal
with Y2K issues. They merely reprogrammed their
computers by turning back their clocks by ten years,
saving millions of dollars in the process.
Stephen Schwartz, a senior scientist at the
Brookhaven National Laboratory and chief scientist
of the Atmospheric Science Program of the U.S.
Department of Energy, believes there may well be
simpler and less costly solutions. He believes we still
have much to learn about nature’s antidotes to carbon
dioxide concentrations and especially the role and
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effectiveness of aerosols. Aerosols occur naturally
through volcanic eruptions as well as industrial activity.
Fossil fuels produce not only heat-trapping gases such
as carbon dioxide, but also other substances such as
aerosols which cool the atmosphere.
Dr. Schwartz believes that the amount of cooling
caused by aerosols is very substantial, possibly offsetting most of the warming caused by the carbon dioxide
produced by industry, and possibly more. However, the
scientific work conducted in this area is sparse, as it
runs counter to the accepted views on climate change
and hence lacks funding. What we do know is that
aerosols can be easily manufactured in large quantities
for the purpose of offsetting anthropogenic carbon
dioxide emissions.
Assuming aerosols can be manufactured on a cost
effective basis, Lawrence Solomon explains, “the
issue would then not be environmental so much as
economic, the choice being to abate CO2 levels via
a Kyoto-type treaty, or to abate CO2’s warming effects
via environmentally benign aerosols. Faced with this
choice, society may well be better off burning fossil
fuels so as to maximize economic growth, and then
using part of the increased wealth for future aerosol
production, should it prove necessary.” 9
9

National Post, September 19 2007 “The Aerosol Man,” Lawrence Solmon
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Dr. Schwartz believes a strong argument can
be made along those lines, although he supports the
more prudent course of starting to cut carbon dioxide
emissions today. This would reduce the risk of suffering
from climate change, and is a much safer bet than
waiting for the science to be further developed and the
appropriate future corrective actions identified.
It is important to continue searching for solutions
and evidence to support the theories and causes of
climate change, and in doing so maintaining an open
mind. We also need to avoid drawing lines in the sand
which distinguish people either as eco-warriors or
rapists of the Earth. This would help in bringing
additional people on board to work towards long-term
sustainability; industrialists, consumers, politicians and
especially more members of the scientific community.
They all potentially have much to contribute, and
should be welcomed as potential positive influences.
If discontentment with one’s lot has been the
source of many major societal improvements and
follies, as Charles Mackay describes in his book on
historical delusions, then we have the choice of either
focussing our discontentment with environmental
degradation and becoming “stewards of the Earth,”
a term borrowed from David Suzuki; or passively
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allowing our passion to destroy many of the good
things society has achieved.
Despite the fact that the correct choice should be
obvious, the chapters which follow will attempt to
give readers additional substantive reasons to bolster
the decisions they make for themselves.
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Commitments:
The Kyoto Protocol

III

The road to hell is paved with good intentions.
– Proverb

T

he Kyoto Protocol was established in 1997 as
a follow-up program to the 1992 Earth Summit
in Rio de Janeiro. Following this ground-breaking
marriage of international diplomacy and environmentalism, most of the major nations of the world signed
the United Nations Framework Convention on Climate
Change (UNFCCC).
At that time, voluntary emission reduction targets
were set to encourage countries to reduce emissions
to under 1990 levels by 2000. Most countries missed
this goal; as a result, the official time-line for reducing
emissions was restructured in February 2006 to mandate a reduction to 5.2% below 1990 levels by 2012.
By October 2007, only three of the 174 countries
which initially signed the Kyoto Protocol were yet
to ratify (or fully accept in a legal way) the Protocol:
Australia, Kazakhstan, and the United States. Canada,
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on the other hand, had committed to the Protocol with
much fanfare in April 1998. In doing so, Canada’s
government at the time promised to reduce greenhouse gas emissions to 6% below 1990 levels between
2008 and 2012. But by the time the Canadian Liberal
government left office in 2006, emissions were 35%
above their Kyoto Protocol target!
Carbon Dioxide Emissions Per Capita, 2000
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In addition to making no substantial efforts to meet
the commitments they originally made, the Canadian
government leaders knew, or should have known at
the time of signing the Kyoto Protocol, that it would
impose impossible reduction requirements.
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In early 2007, Eddie Goldenberg, a senior advisor
to then-Prime Minister Jean Chrétien, acknowledged,
“The Kyoto targets were extremely ambitious and
it was very possible that short term deadlines would,
at the end of the day, have to be extended.” Implying
that Canada’s Kyoto commitment was made for less
obvious reasons, he said, “We knew that signing and
ratifying Kyoto when we did was absolutely necessary
to prepare public opinion for the actions that would
have to come.”
The Canadian government was also aware that
signing the Kyoto Protocol would have potentially
adverse economic consequences. However, it was only
in 2000 that this was acknowledged when the government’s Analysis and Modelling Group confirmed that
meeting the reduction targets would cause “sustained,
long-term negative economic impacts” and retard
Canadian economic growth by approximately 4%. 1
Until then the negative economic impact had been
refuted even though economic growth in the past had
always been accompanied by increased greenhouse
gas emissions.
In early 2007, newly appointed Canadian Prime
Minister Stephen Harper announced revised, less
1	Environment Canada, 2000, “An Assessment of the Economic and Environmental Implications
for Canada of the Kyoto Protocol”
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severe goals and new time-lines for Canada’s emission
reductions. Under the new targets, Canada would
commit to stabilize emissions by 2012 and reduce them
to 20% below 2006 levels by 2020. The government
suggested that the total economic cost would average
0.5% of GDP per annum, or approximately $8 billion.
Carbon Dioxide Emissions Changes, 1990-2004
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The decision by Prime Minister Harper was not
a surprise. In an independent study, Toronto-Dominion
Bank Chief Economist Don Drummond confirmed
that the economic harm which would be caused by an
effort to meet Canada’s original Kyoto commitments
would be substantial: “The economic costs are not
acceptable. This is not an anti-environment statement
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or a reflection of any belief that economic concerns
trump the environment.” His study also found that
to fulfill the original emission reduction targets,
the government would have to impose a carbon tax
of roughly $195 per tonne, which would cause dire
economic damage.
Around the same time as Mr. Drummond’s report,
John Baird, the new government’s Environment
Minister, appeared before the Canadian Senate and
confirmed that meeting the original Kyoto targets
would result in 275,000 lost jobs and a 4% shrinkage
in the economy. In spite of the conclusions arrived
at by Mr. Baird and Mr. Drummond, the Canadian
government has been criticized for backing out of
Canada’s Kyoto Protocol commitments.
In late September 2007, the National Roundtable
on the Environment and the Economy released a report
critiquing the new Canadian Kyoto targets. Beatrice
Olivastri, chief executive officer of Friends of the
Earth, said of the report, “It is a scathing review of
all the measures that the government has put forward
under its plan.”
The report does, however, support the decision to
tread carefully in cutting Canada’s carbon emissions.
It states in its conclusion, “Focusing exclusively on the
short-term Kyoto Protocol period alone … reinforces
the [Roundtable’s] view that a longer-term national
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climate change policy framework is a more effective
and necessary approach for the country.”
Environment Minister Baird summed up the
government’s feelings about the report in saying,
“It’s clear that the short-term focus is poor public
policy and that a long-term approach to climate change
is needed. We’ve always said we need to turn the
corner past 2012, when the majority of our reductions
will take place.”
One economic justification for Canada’s decision
to reformulate its Kyoto Protocol commitments is
that the original targets were structurally unfair for
countries and regions with developing energy sectors,
like the Alberta oil sands.
European economies, which are for the most part
less endowed with developable fossil fuel resources
(with the exception of Russia, which received an
excess of carbon credits), have an advantage over
nations which would have to sacrifice many billions
of dollars in relation to their fossil fuel industries in
order to meet their Kyoto Protocol targets.
If previous Canadian governments had paid
sufficient attention to demographics and economic
growth trends, they could have negotiated more appropriate emission targets, and thereby avoided failing so
miserably in meeting their international commitments.
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Nonetheless, by using Germany’s emissions and
economic status quo as a reference point, it is apparent
that Canada may be less culpable than it appears on
the surface for failing to achieve its carbon emissions
targets.
Germany is a country that is both committed to
the Kyoto Protocol and will likely meet its targets.
As a nation it has enthusiastically backed the E.U.’s
commitment to reduce emissions by 20% by 2020, and
has reprimanded Canada on a number of occasions for
setting its goals too low.
In Canada’s defence, its population grew by 5.4%
from 2001 to 2006, and grew at an average of 1% per
year during the previous 15 years. Germany’s population, on the other hand, hardly increased at all between
2001 and 2006, and grew at a fifth the rate of Canada’s
growth rate in the preceding 15 years. Economically,
Canada grew 75% faster per year between 1990 and
2005 than Germany. 2
Considering that population growth and economic expansion are the primary causes of increases
in greenhouse gas emissions, it is clear that Canada’s
prosperity has drastically impacted its performance
in meeting its Kyoto Protocol targets.
2

Statistics Canada, 2006, “Portrait of the Canadian Population in 2006: National Portrait”
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Jeffrey Simpson, a Globe and Mail columnist,
recently estimated that if Canada had experienced
the same demographic and economic growth rates as
Germany from 1990 to 2005, the total increase in
Canada’s emissions during that time period would have
been 8%, rather than the actual increase of 27%. 3
Furthermore, Europe is densely populated
and therefore easier to improve in terms of energy
efficiency. Europe and North America experience very
different climatic extremes during the course of each
year, resulting in differentiated energy consumption
and therefore higher per capita greenhouse gas emissions in North America.
Even Europe’s successful economic solutions
to greenhouse gas emissions would probably fail
if they were applied to Canada. Swedish tax levels,
for example, are very high but contribute to making
Sweden fairly self sufficient in terms of the consumption and the production of consumer goods and
services. Canada could not afford to impose heavy
environmental taxes on domestically and internationally purchased goods without severely distorting its
open trading relationship with the U.S.
To return to Germany as a reference point, it is
important to also consider the industrial changes it has
3

Globe and Mail, June 9 2007, “Greenhouse gases: There’s a reason” Jeffrey Simpson
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made and its dealings with carbon credits within the
European Emissions Trading System (ETS).
Lorne Gunter, an often cynical but factually
reliable columnist with the National Post, claimed
recently, “Not a single country with significant Kyoto
reductions will meet its targets by 2012 without some
accounting trickery.” 4
To reinforce this point, Mr. Gunter offers several
examples of Germany’s carbon accounting: “Germany
might make its commitments, but ... only because
after the reunification of East and West Germany in
the early 1990s, lots of East German factories were
shuttered because they couldn’t compete. The E.U. as
a whole might also slip in under the wire for its Kyoto
targets, not because industry is growing greener all the
time, but because it has expanded its membership this
decade to include a lot of old Eastern Bloc countries
that … have shuttered all sorts of ancient, dirty plants
since 1990. The entire E.U. gets to claim credits for
the carbon dioxide those plants have not generated
since.”
Germany has cut its emissions 17% since 1990,
and will likely meet its 21% goal before 2012. Few
have noticed, however, that Germany has been
lobbying to eliminate the nation-specific emissions
4

National Post, June 5 2007, “Live from Germany, it’s Kyoto theatre” Lorne Gunter
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targets going forward within the E.U., since Germany
is coming to rely more and more on coal as an energy
source. 5
Indeed, Germany recently approved the construction of the largest brown coal power plant in history,
which will emit 4.4 million tonnes of carbon dioxide
per year. The mayor of Boxberg, where the huge plant
will be located, says, “Everyone here is in favour
of the new power plant. The town would have died
without it. The carbon dioxide doesn’t bother any
of us. The jobs are more important.” Moreover, this
future addition to Germany’s climate liabilities is only
one of 26 new coal-fired plants planned.
In addition to approving the fossil fuel plants
under construction in Germany, Chancellor Angela
Merkel has refrained from implementing legislation
to make compensatory cuts of Germany’s greenhouse
gas emissions. For example, she consistently ignores
suggestions to apply a speed limit of 130 km per hour
on highways throughout the German countryside,
which would result in a 0.3% emissions cut across the
entire country. 6
5	International Emissions Trading Association, November 2006, “Germany Proposes to
Cut Emissions Grant”
6	European Automobile Manufacturers Association, June 26 2007, “Davies (MEP) does not address
real issues regarding CO2-emission reduction from cars”
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From a more continental point of view, the E.U.,
in a passionate rush towards fulfilling its Kyoto
commitments, is beginning to experience some of the
consequences feared by Canadian economists. Electricity prices have increased, and industries with high
energy demands have downsized, passed costs onto
consumers, or simply moved production to developing
countries which have negligible Kyoto commitments,
like China and India.
Afraid that these counter-intuitive reactions would
soon become characteristic of Canadian industry,
Buzz Hargrove, president of the Canadian Auto
Workers Union, added his support to the Canadian
government’s recent proposals. In a letter to the
National Post, he explained, “I find myself in agreement with those environmentalists who propose the
twin goals of improving the environment as well as
strengthening our economy.” 7
In addition to creating new time-lines for emission
reductions, Prime Minister Harper announced the
possibility of Canada joining the Asia-Pacific Partnership for Clean Development and Climate (AP6).
This voluntary, non-legally binding framework for
international cooperation is currently comprised of
some of Kyoto’s greatest critics: Australia, China,
7

National Post, April 20 2007, “Kyoto Impossible” Buzz Hargrove
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India, Japan, South Korea, and the United States;
granted, Japan has an active voluntary emissions credit
trading system already in use.
Philip Clapp, president of the Canadian National
Environment Trust, expressed his concern with
the AP6: “What is different and what is disturbing
about this initiative is the attempt to organize a bloc
of developing countries … around what’s officially
a complementary approach but which could be
converted into an opposing bloc.”
One inherent benefit of the AP6 Partnership,
that is, bringing together developed and developing
countries in a voluntary setting, has also been viewed
with caution by other policy experts. They compare
the proposed carbon-cutting agreement to the Bogor
Goals, a list of commitments to “free and open trade
and investment” passed by the Asia-Pacific Economic
Co-Operation Forum in 1994. While the Bogor Goals
succeeded in reducing tariffs between member
countries by 16.4%, they did not actually help reduce
many non-tariff barriers.
Critics of the AP6 Partnership say that while
it may help open dialogue between polluters of
different stages of economic development, it will fail
like the Kyoto Protocol in manifesting real cooperation
between countries like Canada and China. They
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point to the fact that similar environmental policies
will never be accepted by all the members, because
of the dichotomy in their situations; democratic and
authoritarian governments, rich and impoverished
citizens, advanced and primitive technologies, all
make cooperation difficult.
Hu Jintao, the president of China, recently displayed the attitude typical of developing countries
towards agreements like AP6 and Kyoto. After backing a declaration from the U.S. and Australia to
develop carbon emission reduction guidelines for AP6
participants, he rejected the proposed AP6 targets and
reaffirmed China’s commitment to the Kyoto Protocol
guidelines, which impose minimal restrictions on
China’s pollution.
An important criticism of non-binding agreements
like the AP6 is detailed in a recent book by Canadian
environmental economists Jeffrey Simpson, Mark
Jaccard, and Nic Rivers. They explain, “Voluntarism
can be ennobling. Voluntarism can help if consumers
are willing to pay more for electricity from nongreenhouse gas-emitting technologies, just as it can
help if people voluntarialy drive slowly through
school zones. But not all people drive slowly through
school zones simply because it is the right thing to do.
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We have speed limits, and fines if the limits are not
respected.” 8
Nonetheless, the AP6 Partnership is a good first
step towards fostering dialogue and more meaningful
cooperation between polluters around the world. If
the participating countries, who represent half of the
world’s energy use, population, and economic output,
can find common ground on which to base actions
and assess their performance, it will surely serve as
a model for future Kyoto-like agreements.
Regardless of commitments to international
organizations like the Kyoto Protocol or AP6, Prime
Minister Harper’s government is dedicated to a “madein-Canada” approach for reducing and accounting for
carbon emissions. Implying the government’s desire
to reject international carbon credit markets, Environment Minister Baird stated early in 2007, “If we want
to reduce greenhouse gases and get the twin benefits
of reducing air pollutants, we’re better off to do it this
side of the pond.”
According to the Canadian Council of Chief
Executives, Canada’s contribution to greenhouse gas
reduction should have the goal of “improving both our
environmental and economic performance. The core
8	McCleland & Stewart Limited, 2007, Hot Air: Meeting Canada’s Climate Change Challenge, Jeffrey
Simpson, Mark Jaccard, Nic Rivers
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of this national plan must focus on investment in the
new technologies that can help both Canada and the
rest of the world achieve a rising standard of living
with a reduced environmental impact.” Adoption of
these goals will bring Canada’s environmental policies
closer into line with those advocated by the U.S.
International entities like the United Nations
are slowly becoming more accepting of Canada’s
revised approach to cutting emissions. Yvo de Boer,
executive secretary to the UNFCCC, said in mid2007, “I must admit, I was worried for some time
[about Canada’s stance toward climate change and
Kyoto], but I was much encouraged by the recent
clarifications.”
An extremely important element to the future
success of the Kyoto Protocol is the position taken
by the U.S. As one of the agreement’s biggest critics
from the beginning, leading up to the June 2007
G8 Summit in Germany, the U.S. constantly opposed
suggestions for a second UN sponsored emissions
reduction agreement.
Prior to mid-2007, the U.S. also outspokenly
denounced the need for another UN climate change
conference, and rebuffed calls by members of the
G8 to commit to cut energy consumption by 20% by
2020, limit global temperature increases to 2°C, and
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reduce carbon emissions to 50% below 1990 levels
by 2050.
The U.S. even flatly rejected several paragraphs
in the final communiqué for the June 2007 G8 summit,
including: “We are committed to taking strong and
early action to tackle climate change in order to
contribute our fair share to limit global warming …
We stress that further action should be based on the
principle of common but differentiated responsibilities
and respective capabilities … We firmly agree that
resolute and concerted international action is urgently
needed in order to reduce global greenhouse gas
emissions and sustain our common basis of living.” 9
The U.S. requested that these words be replaced
with this simple statement: “Addressing climate
change is a long-term issue that will require global
participation and a diversity of approaches.”
However, the generally negative attitude towards
the Kyoto Protocol at the federal level in the U.S. has
not stopped state and local governments from taking
action. New York mayor Michael Bloomberg created
a 127-point plan for reducing the city’s emissions
by 30% by 2030, while Los Angeles mayor Antonio
Villaraigosa committed to bring emissions to 35%
below 1990 levels by 2030.
9

Reuters, May 21 2007, “Key paragraphs U.S. wants struck from G8 communiqué”
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Indeed, 30 of the 50 U.S. states, with California
at the forefront, have installed programs to reduce
greenhouse gas emissions, and 15 states have joined
either the Western Regional Climate Action Initiative
or the Eastern Regional Greenhouse Gas Initiative.
All this goes to show that some nations which
proudly hold green flags and revel in their emission
reductions could be overstating their achievements,
while other countries, which have resisted international climate change agreements, are indeed initiating
meaningful domestic actions to reduce their ecological
impact.
This in turn highlights two things. First, that there
is no harm in being skeptical of many political actions
and scientific claims; and second, that perhaps the
more effective way to safeguard the environment, like
other endeavours in life, would be to quietly act within
reason, as some countries and regions have chosen
to do.
What we do know is that ill-considered or insincere promises often result in obfuscation and
creative accounting, as Lorne Gunter has pointed out.
The preferred course should obviously be to act with
integrity, based on sound facts, at both the personal
and national levels.
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This is the attitude that was recently praised by
Gwyn Prins of the London School of Economics, and
Steve Rayner of Oxford University. In their paper,
which was published this year in Nature magazine,
they claim the Kyoto Protocol was recklessly based on
international agreements which had been historically
successful, even if they didn’t relate to climate change
in the least.10
Professors Pins and Rayner explain, “Influenced
by three major policy initiatives of the 1980’s, the
Kyoto Protocol is elegant but misguided. Ozone depletion, acid rain and nuclear arms control are difficult
problems, but compared to climate change they are
relatively simple.” They note that ozone depletion
was easily solved by using cheap, previously available
substitute gases in manufacturing plants; acid rain
only required the cooperation of the power generation
sector; and nuclear arms had easy-to-meet multilateral
timetables. On the whole, “None of this applies to
global warming,” they say.
The Kyoto Protocol “pays no more than token
attention to the needs of societies to adapt to existing
climate change,” according to Professors Prins and
Rayner. Therefore, they say, we could on the whole
more efficiently cut emissions and adapt to unavoidable
10

Nature, October 25 2007, “Time to Ditch Kyoto” Gwyn Prins, Steve Rayner
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climate change if we worked without any legally
binding framework, like those U.S. states previously
mentioned.
Moreover, they explain, mankind’s contribution
to climate change could be easily mitigated if investments were made in clean energy development “on
the scale of the Manhattan Project.” Such an approach
would overcome the problems presented by the fact
that “the more parties there are to any negotiation, the
lower the common denominator for agreement – as
has been the case with the Kyoto Protocol.”
And so, while action is required in a global way
for mankind to cut emissions of carbon and other
pollutants, the prospects for success are likely to be
enhanced if nations focus on technological solutions
and voluntary, non-legally binding targets.
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IV

The injustice faced by impoverished children in developing countries
is particularly egregious, given that they have played no part
in creating the climate change problem.
– Save the Children Fund, U.K.

A

n increasing number of countries in the developed
world now believe that it would be economic
suicide to renew their Kyoto Protocol commitments,
particularly if major developing economies like
China and India remain exempt from any significant
reductions. The developed nations fear that letting the
developing countries off the ecological hook would
give them an unfair competitive advantage.
In mid-2007, China both rejected the E.U.’s
emissions reduction targets and released its own
Climate Change Action Plan, which offers a number
of non-binding goals to reduce the amount of energy
consumed per unit of Chinese GDP. China also displayed disdain at the notion that developing countries
should be obligated to act as much for climate
change as wealthier, more industrialized nations. The
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Chinese government believes that the developed world
achieved its economic status by polluting indiscriminately for over two centuries, and so ought to pay the
clean-up bill.
Ma Kai, Chinese Minister of the National Development and Reform Commission, explained that the E.U.
goal for cutting emissions “lacks a scientific basis,”
and insisted that it would be “neither realistic nor
fair” for China and other countries to slow economic
growth for the sake of fighting global warming, when
developed nations are thought to be responsible for
75% of carbon emissions since 1750. 1
Minister Ma said, “Developed countries have an
unshirkable primary responsibility for climate change.
They are now in a better position to cut emissions.
To use climate change as an excuse to ask developing
countries to undertake quantified emissions reduction
commitments … and to ask them to do it too early, too
abruptly, and too bluntly … would hinder their efforts
to achieve industrialization and modernization.”
It is irrelevant whether Minister Ma’s stand on
China’s rejection of emissions targets is legitimate,
especially when one considers that other nations, like
1

National Post, June 5 2007, “Beijing rejects key global warming target” Richard Spencer
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India and Brazil, are following suit and rejecting
similar emission caps.
As a result of this attitude, negotiating the inclusion
of China in commitments to protect the environment
is extremely challenging. In 2002, China announced
its commitment to cut sulphur dioxide emissions by
10%. Nevertheless, by 2007 they had increased 27%, in
spite of the fact that sulphur dioxide is a much greater
immediate health risk than any greenhouse gases.
Regarding situations like China’s, Canadian
Prime Minister Stephen Harper has noted, “We are
working through the Kyoto process to … involve all
of the world’s major emitters, and ... currently, most
of the major emitters are not part of the Protocol or at
least have no targets under the Accord.”
At the June 2007 G8 Summit in Heiligendamn,
Germany, U.S. President George Bush revised his
stance to no longer oppose multilateral agreements
on climate change, but insisted that such agreements
would only be effective if they included developing
countries. He went so far as to call for a conference
of the world’s 15 biggest polluters, and agreed that it
should be held under the auspices of the UN.
A recent article in The Economist dealt with the
U.S. decision to engage in serious climate-related
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negotiations by noting, “If America continues to
refuse to control its carbon dioxide emissions at the
federal level, there is no chance that countries such as
China and India, whose emissions will soon overtake
America’s, will control theirs.” 2
The following charts are included to highlight the
dramatic increase in the proportion of carbon emissions
emanating from China, and more recently India and
other parts of Asia, during the past three decades. The
increase in emissions from China and India reveal why
it is so important that these countries be involved and
committed to any new international environmental
accord.
Carbon Dioxide Emissions by Region, 1973
Percentage of Global Emissions
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2

The Economist, June 2 2007, “Everybody’s green now.”
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Carbon Dioxide Emissions by Region, 2004
Percentage of Global Emissions
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Indeed, China’s emissions are increasing at the
rate of 9% per year, according to the Netherlands
Environmental Assessment Agency. While China
lagged behind the U.S. in emissions by 2% in 2005, by
mid-2007 it had claimed the throne of largest overall
polluter. Moreover, it had an 8% lead on the U.S. in
terms of carbon dioxide emissions. 3
The increase in emissions is matched by an
increase in consumer goods. For example, China’s
electricity production increased 16% between January
and May of 2007 alone, while its industrial production
skyrocketed. By 2007, the production of cellphone
3	Netherlands Environmental Assessment Agency, June 22 2007, “Chinese CO2 Emissions
in Perspective”
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handsets were ten times more than in 2000; seven million motor vehicles were produced versus five million
in 2000; one billion tonnes of cement was used, double
the amount produced in 2003; and 419 million tonnes
of steel were manufactured, which was four times
more than in 2000. 4
While this booming economy is exciting for
investors and Chinese citizens, Greenpeace climate
campaigner Ailun Yang warns, “Given the urgency
of climate change, what China really needs to do is not
to repeat the mistakes made by developed countries.”
John Sauven, Greenpeace’s British director, adds,
“The West moved its manufacturing base to China
knowing it was vastly more polluting than Japan,
Europe, or the U.S.” Despite Mr. Sauven’s point that
the developed world is at least partly responsible for
the emissions in developing countries (due to their
demand for cheap consumer products), there is still
little justification for the overall claim that developing
nations should be exempt from implementing emission
reduction programs.
For example, those in favour of pardoning
developing nations from carbon-cutting obligations
fail to take into account that most of the production
4

National Post, June 22 2007, “China Tops U.S. As No. 1 Polluter” Richard Spencer
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capabilities being used in developing countries were
created in developed economies. Because the industrial technologies created by developed countries are
now enjoyed by both the developed and developing
worlds, so should the cost of cleaning up the pollution.
Furthermore, emissions-reducing technologies have
been created almost exclusively by the developed
regions of the world and are now available to the less
developed nations at minimal or no cost, meaning that
many emissions-abating technologies are indirectly
a gift of the developed world.
Logically, if anyone should pay for the pollution,
it should be those who continue to pollute as well as
those who benefited economically from past pollution.
Because an agreement would be virtually impossible
to create along these lines, the best solution is to wipe
the slate clean and reduce pollution from now onwards
in an inclusive, global manner.
Prime Minister Harper seems to envision a future
agreement like the one outlined above. He has said,
“The fact of the matter is that in order to have a post2012 effective international protocol, we need to have
all major emitters, including the United States and
China, as part of that effort.”
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In a recent study by McKinsey & Co., it was
reported that, “Even though developed economies emit
substantially more greenhouse gases relative to their
populations than developing ones, we found that the
latter account for more than half of the total [greenhouse gas emissions] abatement potential at a cost of
no more than €40 a tonne. Developing economies have
such a high share [of easily abatable emissions] for
three reasons: their large populations, the lower cost of
abating new growth as opposed to reducing existing
emissions … and the fact that tropical countries have
much of the potential to avoid emissions in forestry.” 5
Fortunately for developing economies seeking
to reduce emissions, the McKinsey consultants found
that “some 70% of the possible abatements at a cost
below or equal to €40 a tonne would not depend on
any major technological development. These measures
either involve very little technology (for example,
those in forestry or agriculture) or rely primarily on
mature technologies, such as nuclear power, smallscale hydropower, and energy efficient lighting.”
5

The McKinsey Quarterly, January-March 2007, “A cost curve for greenhouse gas reduction”
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Independent Suggestions for Reducing Emissions
McKinsey and Co.


Ensure strict technical standards and
rules for the energy efficiency of
buildings and vehicles.



Establish stable long-term incentives
to encourage power producers and
industrial companies to develop and
deploy greenhouse gas-efficient technologies.



Provide sufficient incentives and support to improve the cost efficiency of
selected key technologies.



Ensure that the potential [gas absorption] in forestry and agriculture is
addressed effectively, primarily in
developing countries.

Canadian Council of Chief Executives


Undertake process changes or fuelswitching to reduce emissions.



Through domestic emissions trading
systems, purchase credits from other
companies exceeding their targets.



Purchase offset credits from Canadian
facilities outside the regulated system.



Obtain international credits through
the Kyoto Protocol’s Clean Development Mechanism.



Invest in technology funds that promote development and deployment
of innovative technology.

Nonetheless, it is unlikely that China or India
will be obliged to meet any particularly difficult targets
under the Kyoto Protocol between now and 2012. And
until they are obliged, it is unlikely that developed
countries like the U.S. will oblige themselves.
Overall, the major developing nations of the world
currently refuse to make commitments that would
legally bind them to reducing emissions. But that’s
not to say that developing economies won’t introduce
programs to mitigate their emissions; indeed, they have
shown their willingness to do so for financial reward.
Clean Development Mechanisms (CDMs) are an
important part of the Kyoto Protocol and are often
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a source of angst for the UN and international environmental groups. The program essentially creates freemarket projects under the Kyoto Protocol regulations
to direct money from rich polluters to under-developed
economies lacking the financial resources needed to
build clean, green, low-emission industries.
Under these programs, climate change-friendly
projects in developing countries are certified by a UN
agency set up under the Kyoto Protocol. They then
earn Certified Emission Reductions (CERs) which can
be sold into the world-wide emission markets, like the
ETS in Europe.
So far European firms have bought two-thirds of
the CERs which have become available, with Japanese
companies purchasing most of the others. CERs have
generally traded at a 25% discount to European carbon
credits, ostensibly to reflect the greater risk associated
with the validation process.
The CDMs may not really amount to much in
the long run, considering the incredible growth in the
industrial pollution taking place in China and other
major developing countries. For example, every year
China builds 100 large coal plants with capacities of
500 megawatts or more, 25% of which are not condoned
or regulated by government officials, meaning environ72
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mental and efficiency standards are often completely
bypassed. 6
Each of these plants burns 1.4 million tonnes of
coal per year to emit approximately 3.7 million tonnes
of carbon dioxide, depending on whether they have
scrubbers to remove emissions in the smokestacks.
It’s no surprise China doesn’t welcome Kyoto commitments, when this method of producing energy is
considered necessary to support the 400 million rural
citizens expected to move to cities within the next
thirty years.
While many CDMs are likely to be successful in
absorbing emissions through well-managed forestry
plantations and other projects, there are others that
are poorly regulated. For example, SRF India used the
funds it obtained through a CDM project to develop
another type of greenhouse gas, and yet it still stands
to gain $670 million from Royal Dutch Shell, Barclays
Bank, and others. 7
CDMs are also noted for being unpopular with
local communities; for example, Jindal Steel and
Power is another Indian company managing four CDM
projects which have been contested by 32 different
communities, who ironically suffered from air and
6

Globe and Mail, March 28 2007, “The dirty truth of China’s energy” Neil Reynolds

7

Canadian Environmental News Network, April 26 2007, “Carbon boondoggles” Grainne Ryder
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water pollution due to the company’s negligence
in regulating its industrial practices when it was
expanding its CDMs.
Similarly, in Uganda a massive CDM forest project
was challenged by the indigenous Benet peoples who
fought until they regained control of their traditional
lands. IndAgro Synergy and other similar CDM projects
in Thailand and West Bengal have been cancelled after
experiencing sustained protests.
The biggest failure with the CDMs, however, is not
the protests or mismanaged projects. The mechanisms
were originally designed to encourage sustainable
economic development in places where investment
is rarely directed, like sub-Saharan Africa. Instead,
companies in booming economies like India and China
are being paid large sums of money to proceed with
previously planned projects, often in places where the
developments are being imposed on unwanting local
inhabitants.
Nevertheless, the World Bank recently adopted
a CDM-type model to lay the groundwork for
a $250 million investment fund which would reward
countries like Indonesia and Brazil for “avoiding
deforestation.” By targeting a specific issue which is
key to climate change (deforestation is believed to
account for 20% of global carbon emissions, mostly
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from fires used to clear forest land), the World Bank
hopes to avoid some of the problems previously
associated with CDMs.
With numerous problems still plaguing most
countries trying to fulfill their Kyoto Protocol
commitments, it is unlikely a second treaty will be
formally ratified and accepted in the near future.
However, with many countries having initiated or
planning to implement measures to contain emissions,
one can hope that CDMs and other market-based
initiatives, which are designed to meet specific emission
reduction targets, will in the meanwhile be more effectively implemented.
The largest, and probably the most important of
these initiatives will be the establishment of authenticated markets for carbon emissions credits, whether on
a country-by-country, multinational, or international
basis. It is likely that following the establishment of
such carbon trading systems, the regulations pertaining
to CDMs and other carbon-mitigating processes
will improve. This would lead to increased general
awareness which would eventually develop into better
decision making and improved capital allocation.
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Self Governance:
The Intergovernmental Panel
on Climate Change

V

With skepticism in our minds and care for the world in our hearts,
we should be able to study environmental issues without compromising
truth for the sake of politics or passion.
– Jacob Leeds

F

urther-reaching and more influential than the Kyoto
Protocol, the United Nations Intergovernmental
Panel on Climate Change (IPCC) is a comprehensive
scientific body with increasing influence and authority.
This chapter will discuss the political and social facets
of the IPCC before exploring in the next chapter
the evolving international carbon credit markets.
Every few years since 1990, the IPCC has met
to compile research in order to further understand the
world’s changing climate. The “Fourth Assessment
Report,” issued in 2007, involved contributions from
over 600 scientists, with their work being reviewed by
a further 600 experts, and finally edited by officials
representing 154 countries. 1
1	Intergovernmental Panel on Climate Change Secretariat, December 2004,
“Procedures: The Preparation of IPCC Reports”
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According to the IPCC Secretariat, assessment
reports “are written by teams of authors, which are
nominated by governments and international organizations and selected for a specific task according to
their expertise. Policymakers and other users of IPCC
reports are consulted in order to identify the key policy-relevant issues. After the outline is approved, teams
of lead authors are assembled for each chapter.”
To ensure they are credible, transparent, and
objective, the IPCC claims that its reports “must pass
through a rigorous two-stage scientific and technical
review process. After taking into account the expert and
government comments, the final drafts are presented
to plenary for acceptance of their content.”
IPCC DRAFTING PROCESS
IPCC approves outlines.

Authors prepare second draft.

Governments and NGOs
nominate experts.

Experts and government
officials review second draft.

Bureau selects authors.

Authors prepare final draft.

Authors prepare first draft.

Final government review.

Experts review first draft.

Governments and IPCC accept /
reject final draft.

Source: IPCC Secretariat, 2004

77

Objective Ecology
It is important to note that there are strict rules
established by the IPCC Secretariat regulating the
treatment of factual uncertainties for the scientists
who draft the original reports. Among other things,
scientists are expected to explicitly state the level of
their confidence in data, show the progression of their
assumptions, and describe any areas of uncertainty.
However, the same does not necessarily apply
to the bureaucrats and politicians who have a hand
in editing the final reports. That is to say, there are
clear inconsistencies between the rules which apply to
scientists and those which guide the bureaucrats. For
example, in the “Summary for Policymakers,” 66%
certainty is defined as “more likely than not,” 2 whereas
in the “Guidance Notes for Lead Authors” the same
numerical level of confidence is defined as “about as
likely as not.” 3
Typically, scientists and politicians whose opinions
of climate change differ from those of the IPCC attack
the body’s credibility by arguing that the manner in
which reports are drafted is slanted towards political
opinion rather than scientific fact.
2

Intergovernmental Panel on Climate Change, February 2007, “Summary for Policymakers”

3	Intergovernmental Panel on Climate Change, July 2005, “Guidance Notes for Lead Authors of the
IPCC Fourth Assessment Report on Addressing Uncertainties”
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One such critic is Professor Fred Singer, professor
emeritus of environmental sciences at the University
of Virginia and founding director of the U.S. National
Weather Satellite Service. He questions the widely
touted “consensus” of the members of the IPCC,
maintaining that most of the panelists have no scientific
qualifications, and many of the others object to some
part of the IPCC’s report.
Professor Singer puts forward a second reason
for not relying on a “scientific consensus.” He maintains, “This is not how science works. After all,
scientific advances customarily come from a minority
of scientists who challenge the majority view; or even
just a single person. Science proceeds by the scientific
method and draws conclusions based on evidence, not
a show of hands.” 4
The IPCC has also come under attack for making
scientists’ findings more assertive than the original
researchers intended.
Ross McKitrick, a professor of economics at the
University of Guelph, is a fierce critic of this editorial
process. He explains: “As someone who has published
research critical of past IPCC reports, and as an expert
reviewer of the present one, I disagreed with some
4

Hillsdale College Lecture Series, June 30 2007, “Economics and the Environment” Fred Singer
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sections. But I also find that in many places the report
is informative and balanced.” 5
Unfortunately, little attention has been paid to
the detailed content of past IPCC assessment reports.
Most readers instead focus on the short “Summary for
Policymakers,” which starts from a draft prepared by
scientists, but then is heavily edited by government
appointees in a multilateral negotiating process. There
are instances where the underlying reports have been
distorted by placing major emphasis on topics that are
relatively minor, or by highlighting new and untested
research.
The IPCC “Summary for Policymakers” has also
downplayed uncertainty in subtle ways. For instance,
the full IPCC “Fourth Assessment Report” discusses
at length the limitations of climate modelling prior
to presenting tentative projections. But the IPCC
“Summary for Policymakers” highlights the model
projections and data trends as if those underlying
uncertainties did not exist.
The following table should help to illustrate the
different interpretations that emerge when inconsistent
drafting guidelines and objectives exist.
5

National Post, February 6 2007, “The data’s the limit” Ross McKitrick
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IPCC
“Fourth Assessment Report”
(Written by scientists. Not edited by government representatives).
In particular, it is important to keep in mind the sources and propagation of uncertainty in climate model projections. First, there are
multiple emission scenarios for the 21st century, and even at this first stage
there is uncertainty with regard to what will be the future time-evolution
of emissions of various forcing agents, such as greenhouse gases. Gas
cycle models must be employed, and these models include their own
set of parameterizations, assumptions, and caveats. The components of
atmosphere, ocean, sea ice, and land surface in each model interact with
their sets of strengths and weaknesses to produce a spread of outcomes
for future climates. Thus at every step in this process, there are uncertainties and assumptions that must be made to proceed.

IPCC
“Summary for Policymakers”
(Written by scientists. Edited by government representatives).
A major advance of this assessment of climate projections is the
large number of simulations available from a broader range of models.
Taken together with additional information from observations, these provide a quantitative basis for estimating the likelihoods for many aspects
of future climate change. Model simulations cover a range of possible
futures, including idealized emission or concentration assumptions. The
new assessment of the like ranges now relies on a larger number of climate
models of increasing complexity and realism, as well as new information
regarding the nature of feedbacks from the carbon cycle and constraints
on climate response from observations.

Professor McKitrick, like many of his peers, is also
bothered by the IPCC’s tendency to forge a consensus
among the hundreds of scientists who write the reports.
He notes, “While many IPCC contributors and reviewers are listed, no indication is given as to whether
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they disagreed with the resulting report; nor does the
IPCC point out that the scientific community does not
review the summary after government negotiators
have rewritten it.”
Professor McKitrick was recently recruited by
the Fraser Institute to draft an “Independent Summary for Policymakers” (ISPM). This privately
funded report is essentially a summary which was
not written or edited by any governmental or nonscientific personnel.
Fraser Institute
“Independent Summary for Policymakers
(Written by scientists. Not edited by government representatives).
The available data over the past century can be interpreted within
the framework of a variety of hypotheses as to cause mechanisms for
the measured changes. The hypothesis that greenhouse-gas emissions
have produced or are capable of producing a significant warming of the
Earth’s climate since the start of the industrial era is credible, and merits
continued attention. However, the hypothesis cannot be proven by formal
theoretical arguments, and the available data allow the hypothesis to be
credibly disputed.

Professor McKitrick points out that “at no point”
did the conservative Fraser Institute “exert any editorial
control of any kind. Even the question of whether
‘policy-makers’ is one word or two was left up to us.”
In the end, the “ISPM” was reviewed by fifty
scientists around the world, whose review responses
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and final stances were tabulated so readers could
evaluate the scientists’ support for the final document.
Richard Lindzen, a professor of meteorology
and an atmospheric physicist at the Massachusetts
Institute of Technology, has also expressed objections
to some aspects of the IPCC reports. He notes that
climate change “is a very hard thing to analyze because
you have to average huge fluctuations over the whole
Earth, and 70% of the Earth is oceans where you don’t
have weather stations.”
Professor Lindzen further notes that IPCC reports
have often been faulted for omitting temperatures over
the world’s oceans and remote regions, while overrepresenting measurements from urban areas. Because
of their increasing concentrations of population,
urban areas are clearly becoming warmer than the
countryside. He also says, “It has never been an issue
of whether the Earth is warming, because it’s always
warming or cooling. The issue is: What are the
magnitudes involved?”
Professor Lindzen continues, “[IPCC reports]
are always preceded by could, might, may, all these
qualifiers. And the reason is, those studies start out
assuming there’s warming. They assume all the
science is in, and then they say, ‘Well, how will this
impact my field of insect-borne diseases, or agriculture,
or health?’ ”
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As a result of this backwards process, scientists
often arrive at highly questionable scenarios which
exaggerate the potential impact of climate change on
human societies.
Paul Reiter, chief of the Insects and Infectious
Disease Unit at the Pasteur Institute in Paris, had
a notable disagreement with the IPCC when he was
nominated by the U.S. State Department in 2001 to
lead an IPCC report on the relationships between
climate change and disease-spreading insects. However, he was overlooked as a candidate in favour
of two others, neither of whom had ever published
a paper on the subject, but both of whom openly
claimed that inevitable damage would be wrought on
mankind by mosquitoes if climate change continued.
“I know of no major scientist with any long record
in this field who agrees with the pronouncements of
the alarmists at the IPCC,” reported Dr. Reiter. He
pointed out numerous errors in the IPCC’s reports,
such as the claim that global warming could cause
80 million additional cases of malaria per year, and
many technical mistakes concerning the lifespan and
habitats of mosquitoes.
Dr. Reiter explains, “The paucity of information
was hardly surprising: Not one of the lead authors had
ever written a research paper on the subject! Moreover,
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two of the authors, both physicians, had spent their
entire careers as environmental activists.”
Confused as to how authors for IPCC reports
were selected, Dr. Reiter contacted the organization’s
administration. They told him, “The brief answer
to your question [about how authors are chosen] is
‘governments.’ The way in which this is done is defined
in the IPCC “Principles and Procedures,” which have
been agreed by governments.”
Shortly thereafter, Dr. Reiter discovered that the
IPCC “Principles and Procedures” make “no mention
of research experience, bibliography, citation statistics,
or any other criteria that would define the quality
of the world’s top [2,500] scientists.”
Another critic of the IPCC is Philip Stott,
professor emeritus of biogeography at the University of London. He points out, “Unfortunately, the
IPCC represents science by super-committee, as rule
ten of its procedures states: ‘In taking decisions, and
approving, adopting and accepting reports, the Panel,
its Working Groups and any Task Forces shall use all
best endeavours to reach consensus.’ A consensus last
century would have given us eugenics. But, above all,
this super-committee is more political than is often
recognized; rule three firmly reminding delegates
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that: ‘Documents should involve both peer review by
experts and review by governments.’ I’d bet Galileo
would have had a rough time with that.”
An example of hostile consensus-building
within the IPCC can be found regarding the role of
solar activity in climate change. Despite the fact that
conclusions were said to have a “level three” in terms
of support among scientists (with “one” representing
consensus and “three” representing disagreement),
the IPCC “Summary for Policymakers” reported,
“Changes in solar irradiance since 1750 are estimated
to cause a radiative forcing of +0.12 [watts per square
metre], which is less than half the estimate given in the
2001 report.”
Ironically, scientists had agreed in the “Fourth
Assessment Report” that, “Even though the thickness
of the tabular ice on [Mt. Kilimanjaro’s] summit plateau
has not changed dramatically over the 20th century,
the ice has shown an incessant retreat on the vertical
walls at its margins, for which solar radiation is identified as the main driver.” How the political editors and
writers arrived at a contrary conclusion, when there
was no consensus among scientists, is baffling.
Top scientists within the IPCC also believe the
organization should be more scientific and less political.
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Susan Solomon, who has served as a senior scientist
for the U.S. National Oceanic and Atmospheric Administration and co-chair of Working Group I within the
IPCC, is a strong supporter of this view.
Dr. Solomon maintains, “Science can best serve
society by refraining from going beyond its expertise,
so I do not feel that it would be in the best interest of
society … for me to push for urgency or action. There
are people out there who have that role. But it isn’t me,
and in my view, that’s what the IPCC also is all about:
Namely, not trying to make policy-prescriptive statements, but policy-relative statements.” 6
Notwithstanding these comments, the IPCC,
overall, is an important body in coordinating scientific
support for studying climate change. However, it
appears that it deserves much of the criticism it receives
for its highly bureaucratic editing processes.
While few scientists or government officials
question the experiments or discoveries of IPCC
researchers, many recognized experts are highly critical
and skeptical of the final edited reports developed
by the political side of the IPCC. Until this is appropriately addressed, progress in dealing with carbon
emissions and other more serious pollutants will be
unnecessarily hampered.
6

National Post, February 3 2007, “I think the science is clear: Harper” CanWest News Service
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Sharing the Costs:
Carbon Emission Markets

VI

Well, it’s not all about the money, but emissions trading is going
to be a multi-trillion dollar market.
– Wall Street Analyst

T

he development of a credible system for the
purchase and sale of carbon credits, with each
credit representing one tonne of carbon dioxide,
is generally claimed by many to be the only realistic
means to limit industrial emissions of greenhouse
gases.
Already, some nations and companies have started
buying and selling carbon credits in the markets which
have been established. Some have generated meaningful profits through opportunistic dealing in surplus
credits – the fruits of their anticipation of what has
developed.
Others, however, have fallen behind and are not
preparing themselves for competition in the emerging
carbon markets. Now, those firms must either restructure to limit emissions or pay non-polluters higher
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prices for the surplus credits they have earned through
ecologically sound initiatives.
Carbon Emissions by Sector, 2000
Power
24%

Industry
14%
Other Energy Related
5%
Waste
3%
Agriculture
14%

Transport
14%

Buildings
8%

Land Use
18%

One company that appears to be ahead of others
in participating in the world’s demand for carbon emissions mitigation is Climate Exchange PLC. Currently
it owns the Chicago Climate Exchange, as well as the
European Climate Exchange. More than anything else,
Climate Exchange PLC has learned to prosper from
price and demand volatility in carbon credit markets.
Indeed, the jump in carbon credit values immediately following President Bush’s announcement that
he favoured a conference of 15 major greenhouse gas
emitters was rewarding for the firm.
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The shares of Climate Exchange PLC quadrupled
in value between late 2006 and early 2007, often seeing
daily stock price increases of 10%. These jumps
in value were caused by the increased confidence
investors have that European, as well as North
American, firms will have to work within a cap-andtrade carbon credit system before too long.
Brendan Caldwell, chief executive of Caldwell
Securities Ltd., and a large shareholder of Climate
Exchange PLC, has successfully invested in financial
exchanges throughout the world, but is wary about
the possibility of discovering that “carbon credits at
some time in the future are in effect being printed in
someone’s basement.”
A chronic problem in establishing and maintaining
effective carbon credit exchanges is the potential for
anomalies within the various credit distribution programs. While the E.U. has clearly defined regulations
and has distributed credits to specified countries and
firms, North America is still struggling to establish fair
and practical legislation. Mr. Caldwell also points out
that “for carbon trading to be a real thing, there needs
to be standardization.”
Peter Foster, a senior columnist at the National
Post, is much more skeptical about carbon trading
markets. He recently wrote, “In any event, the nations
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that did sign on to Kyoto ... have succeeded only in
imposing even more deadweight bureaucracy to oversee either the promotion of ‘alternatives’ or allegedly
‘free-market’ solutions such as emissions trading.” 1
He continues his criticism of carbon credit markets
by pointing out that “emissions trading is in fact
a parody of a market since the ‘signals’ come from
governments. The best ‘solution’ is to rely on piecemeal human ingenuity, not grand top-down political
solutions of the type that have always and everywhere
failed in the past.”
Alexander Cockburn, another columnist at the
National Post, wrote an insightful and satirical piece
lampooning the entire concept of carbon credits. He
drew a close analogy between the newly established
carbon credit markets and the indulgences sold by the
Roman Catholic Church. Until the 17th century, sinners
could purchase an indulgence for a sin, in the same
way polluters now purchase carbon credits, for past,
present, or future emissions.
Mr. Cockburn explained, “The Roman Catholic
Church was a bank whose capital was secured by
the infinite mercy of Christ. The sinners established
a line of credit against bad behaviour and could then
go on sinning.” He added, “Devoid of any sustaining
1

National Post, January 9 2007, “Climate action would be suicidal” Peter Foster
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basis, carbon trafficking is powered by guilt, credulity,
cynicism, and greed, just like the old indulgences,
though at least the latter produced beautiful monuments.” 2
In firm agreement with Mr. Cockburn’s disdain
for guilt as a motivating factor is California Governor
Arnold Schwarzenegger, who gave a speech on the
subject in May 2007. Governor Schwarzenegger
did not allude to the indulgences sold by the Catholic
Church in its heyday, but he did make a deliberate
point about the unethical and inefficient use of guilt as
a means for making people change their lifestyles.
“For too long the environmental movement has
been powered by guilt. You know the kind of guilt that
I mean; smokestacks belching emissions to power our
Jacuzzis and to power our big-screen TVs at home –
or, in my case, flying private planes. I don’t think that
any movement has ever made much progress based on
guilt. Guilt is passive, guilt is inhibiting, and guilt is
defensive. That approach just doesn’t work.” 3
Instead, Governor Schwarzenegger made the case
for business-directed, profit-seeking initiatives as the
best means for curbing global warming and other environmental issues. He said in his speech, “Capitalism,
2

National Post, May 8 2007, “The sin of CO2” Alexander Cockburn

3

National Post, May 30 2007, “California greenin” Arnold Schwarzenegger
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long the alleged enemy of the environment, is today
giving new life to the environmental movement and
to environmental progress.”
Like Governor Schwarzenegger and Mr. Foster,
many have come to believe that employing quasi-free
market techniques to regulate industrial emissions
is both contradictory and ineffective. Others have
gone in the opposite direction and hold that extreme
government intervention is the best solution.
For example, Mark Jaccard, an environmental
economist at Simon Fraser University, believes a carbon
emissions tax is the only way Canada can cut
emissions by 50% by 2050. “In a market economy, if
you don’t have a value on the atmosphere … a cost
to the abusers of the atmosphere, you will not reduce
emissions.”
He believes that even if the government subsidized
environmentally friendly activity with $22 billion
a year, or 10% of federal spending, emissions would
still be higher in 2050 than they are today. He thinks,
however, that a tax of $15 a tonne, which would rise
to $50 a tonne by 2020 and around $100 a tonne by
2050, would cut emissions without damaging Canada’s
economic progress.
A recent Toronto-Dominion Bank Economic
Review also supported a market-based mechanism for
cutting emissions, claiming, “Momentum is building
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to take stronger action to address environmental
concerns. The most economically efficient path to
alter the price-cost relationship in the environment
is to employ a market-based system.” 4
One of the major objections being raised against
the cap-and-trade carbon emissions markets doesn’t
deny the economic efficiency of such a system, but
does warn against overlooking its total costs. Arther
Laffer and Wayne Winegarden, authors of The Adverse
Economic Impacts from Cap & Trade Regulations
on CO2, explain that “if implemented, cap-and-trade
policies would add significant costs to production and
would likely have a severe negative impact on longterm U.S. growth, an amount we estimate at $10,500
per family.” 5
They also warn against the chronic volatility of
carbon markets: “Cap-and-trade advocates are correct
only in a static world where market supply and demand
curves are known with certainty. Markets are dynamic,
and people change their actions in response to the changing dynamics of the marketplace. Significant price
volatility emerges in the market because the supply
and demand curves are not known to policymakers
when initial cap-and-trade policies are established.”
4

Toronto-Dominion Bank Review, 2007, “Market-Based Solutions to Protect the Environment”
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National Post, October 2 2007, “Cap-and-trade fraud” Arther Laffer, Wayne Winegarden
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Nonetheless, Mr. Laffer and Mr. Winegarden do
not deny the need for some sort of incentive-based
program to lessen carbon emissions. They realize the
potential of a cap-and-trade system in saying, “One
day, the price of a ton of carbon may be as widely
quoted as that of a barrel of oil.”
While many columnists and other critics remain
highly skeptical of the long-term success of carbon
credit markets, the general consensus among governments, including those that never ratified the Kyoto
Protocol, is carbon credit markets are necessary if
heavy taxes and other interventions are to be avoided.
This may prove true if and when the U.S. establishes
a national carbon credit market.
Before examining a few companies who have
positioned themselves to benefit from the introduction
of carbon credit markets, this chapter will deal with
the attitudes of some major governments towards
trading carbon credits.
Canada favours unilaterally-established emissions
regulations. The Canadian government is currently
against joining any overseas markets, and has not
specified if or when a strictly Canadian carbon credit
market will evolve into a continental one, involving
the U.S. and Mexico.
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One of the reasons for the Canadian government’s
decision to participate only in a national trading system,
rather than an international one, is the fact that most
European countries, not coincidentally, stand to gain
billions of dollars through trading carbon credits
if Canada participates in their market.
This is because most European countries which
have met or will meet their Kyoto requirements were
positioned to gain an excess of credits in the first
place. That is, the starting point for measuring performance and the allocation of credits was fortuitously
favourable for the E.U., and especially Russia.
As a result, the E.U. is anxious to encourage other
nations which are not so well positioned and are far
behind in meeting their commitments, like Canada and
Japan, to purchase the excess carbon credits available
through the European carbon credit trading scheme.
A major benefit of having more buyers for their credits
would be a substantial increase in the price at which
their credits would be unloaded; something that will
also counter the extreme price volatility which has
plagued many European carbon credit traders.
Generally speaking, the supply of credits in Europe
came from one of two places; either they were given
to the five so-called “dirty industries” (electricity
production, oil, metals, building materials, and paper)
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or they are linked to the previously discussed Clean
Development Mechanisms.
To Emit One Tonne of Carbon Dioxide:
Drive 2,400km in a large SUV.
Drive 10,600 in a hybrid car.
Run a computer for 16 months, or 11,600 hours.
Graze a Ugandan dairy cow for nine months.
***
To Offset 1,000 Tonnes of Carbon:
Replace 160 large SUV’s with hybrids.
Run a medium wind turbine for one year.
Replace 550 100-Watt incandescent bulbs with 18-Watt CFLs.
Replace 2,000 refrigerators with high-efficiency models.
Source: Clean Air-Cool Planet, 2007

Meanwhile, a number of Canadian provinces are
acting on their own accord to develop carbon credit
markets. For example, British Columbia, Manitoba,
Ontario, and New Brunswick are partnering up with
U.S. states to form a quasi-continental carbon credit
exchange. Alberta has gone in the opposite direction,
and has set its own emission reduction targets, with
plans to restrict credit trading to within the province.
On the other hand, Québec introduced a carbon
emissions tax in June 2007. The initial program is
expected to raise about $200 million per year, which
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will be directed towards the province’s Green Fund
for environmentally clean developments and other
ecologically sensitive alternatives.
Every litre of gasoline sold in Québec will have
a further 0.008¢ tacked on to it, for an expected total
tax revenue of $105 million per year. Québec Natural
Resources Minister Claude Béchard stated, “We call
on the corporations’ good faith and social responsibility. Everybody has to do their share. Each citizen
wants to do their share.”
However, Andrew Neff of Global Insight says,
“Because of the lack of oil production in [Québec],
refineries will pass the costs on to distributors, who
will pass them on to consumers.”
Mr. Neff continues, “But you can’t say you’re
opposed to global warming, and then when the time
comes, refuse to pay something like a carbon tax.
To attempt to address climate change, the costs have to
be passed on to the consumer at some point.”
Overall, Canada’s position on carbon credit
markets is unlikely to be the leading edge on an international scale, especially with the apparent lack of
co-operation between the provincial governments. This
will make it more difficult for Canada to be part of
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a multi-national carbon credit market as it is unlikely
that the federal government will assert its overriding
authority for environmental matters in the foreseeable
future.
Russia, on the other hand, is an example of
a country likely to benefit from carbon credit markets.
It is interesting to note that Russia did not do anything
to amass its surplus of credits; it simply experienced
an unfortunate economic recession at exactly the right
moment in history, and happened to experience slow
economic development until the carbon credits became
valuable.
Due to its inefficient industrial plants and the
depression which stunted Russian development in the
1990s, the northern giant is still 43% below its 1990
emissions levels, which the country won’t meet until
2020. This gives it an incredible amount of leeway
when it comes to making sure it meets the targets
which were set for it when it was still spewing smoke
from Communist-era plants that are now merely
rusting hulks of steel.
Philip Dewhurst, spokesman for Gazprom
Marketing and Trading, the largest natural gas producer in Russia, recently claimed, “Russia is the
Saudi Arabia of carbon credits.” In addition to their
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huge surplus of carbon credits, Russia’s technology is
still so outdated and inefficient that small investments
can yield massive emission reductions, and therefore
create more carbon credits to sell to wealthy polluters
in other jurisdictions.
Ostensibly to spur economic development, the
Russian government has transferred their huge surplus
of carbon credits to the private sector. But because
the Kremlin hasn’t enacted Kyoto Protocol legislation
yet, carbon credit sales take place principally outside
of Russia.
Market Share of Carbon Credit Sellers, 2006
India
15%

Asia
(excluding China)
10%

China
60%

Latin America
10%
Africa
5%
Source: Lehman Brothers
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Market Share of Carbon Credit Buyers, 2006

Europe
(excluding Britain)
40%

Britain
45%

U.S.
3%

Other
5%

Japan
7%

Source: Lehman Brothers

But while Russia plans for profitable carbon credit
ventures, the other members of the E.U. are realizing
the full economic consequences of its continent-wide
carbon credit market. Electricity prices have shot up,
causing industrial companies to downsize. Worse,
the most energy intensive carbon emitting industries
have left Europe for countries without emission
regulations, resulting in more pollution on the whole.
McKinsey & Co. notes in a 2007 quarterly journal,
“A recent survey indicates that half of all companies
in Europe’s energy intensive industries regard the
European Union’s Emissions Trading Scheme (ETS)
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as one of the primary factors affecting their long-term
investment decisions.” 6
On top of structural problems, the fluctuations
within the market itself make it difficult to predict or
manage. For example, McKinsey points out that since
emissions trading began in the E.U. in 2005, the price
of carbon credits has ranged from €6 to €31 per tonne.
Shortly after their report was published, the
price of 2007 carbon credits dropped precipitously
to less than €1 per tonne. This volatility is blamed on
Europe’s surplus of credits, caused by governments
allocating more credits than necessary in 2006. Russia
would be the best example of this; while the amount
of credits issued to Russian industries and government
departments is within Kyoto Protocol regulations,
the distribution practices have not been adjusted for
Russia’s recent economic history.
The problems within the ETS were due to misinformed decisions about how many credits had
been issued to the dirty industries. According to The
Economist, “The market got a shock in early 2006
when it emerged that the European Commission had
been too generous with the allowances it had handed
out to industry. Phase one allowances are now virtually
6

McKinsey Quarterly, April 26 2007, “Preparing for a low-carbon future”
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worthless. But the commission learnt its lesson and
has got meaner with allowances, thus pushing up the
price in phase two.” 7
Looking further out, others are now predicting
that the value of European carbon credits will stabilize at €35 per tonne for the 2008 to 2020 period.
The overriding concern is whether carbon credit
prices, even at €35 per tonne, will be high enough
to encourage sufficient emission reductions to make
a difference on climate change without harming the
world economy. The IPCC in its “Fourth Assessment
Report” suggested $20 to $50 per tonne in the period
2020 to 2030 would achieve this objective.
Richard Newell of Duke University calculates
that a $20 per tonne carbon credit price would increase
gasoline prices by 6% and electricity prices by 14%.
A $50 per tonne levy would raise gasoline prices by
15% and electricity prices by 35%. Professor Newell
extrapolates from this that increases in energy prices,
when tied directly to carbon credit prices, would cause
a substantial decrease in carbon emissions within
a relatively short time period. He also claims that over
time, these price increases would be easily manageable,
provided that the general public remains convinced
7

The Economist, June 2 2007, “Trading thin air”
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that meaningful strides are being made to safeguard
the environment. 8
Unfortunately, it is becoming clear that developing
countries will likely opt out of carbon credit markets
for an extended period, preferring instead to sell their
good deeds to wealthier firms from the developed
world. In short, persuading developing countries to take
part will be extremely difficult, given that they have
already found ways to profit meaningfully from the
external carbon credit schemes and trading markets.
Chinese companies are particularly adept at finding
creative ways to make the most of domestic emission
regulations. Carbon credits earned through UNcondoned Certified Emissions Reductions (CERs) are
being sold en masse by Shanghai 3F New Materials Co.
This firm alone, for example, is expected to generate
approximately $1 billion by 2012 from the World Bank,
RWE AG, Deutsche Bank, and Mitsui Co. simply
by selling carbon credits. Their UN-approved project
will destroy 125 million carbon dioxide-equivalent
tonnes of HFC-23, an extremely potent greenhouse
gas produced as a by-product in the manufacturing
of refrigerants. 9
8

The Economist, June 2 2007, “The final cut”

9

International Emissions Trading Association, January 8 2007, “China Cashes In on Global Warming”
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The math behind Shanghai 3F’s massive profits is
ironic: Western firms are gladly paying $8 per tonne,
even though it costs Shanghai 3F and other Chinese
companies only $1 to mitigate each tonne, because it
would be even more expensive for the Western firms
to reduce their own emissions by improving their
manufacturing techniques. The economic irony is
compounded when one considers that the Chinese
firms will achieve more profits by destroying byproducts of their actual manufacturing processes than
the Western corporation’s make selling the manufactured goods themselves.
The UN worries that this “perverse incentive”
to cut carbon emissions may encourage Chinese firms
around the world to produce more HFC-23 greenhouse gases, which they could then use to generate
CDM-windfall profits. But this fear is somewhat put at
ease by the Chinese government’s decision to impose
a 65% tax on projects like HFC-23 destruction. Projects
which actually cut down on emissions (as opposed to
finding ways to sequestrate or change emissions after
they have occurred), like installing renewable energy,
are only taxed at a 2% rate.
Nonetheless, out of the firms surveyed by Point
Carbon, a carbon credit market research agency, who
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said carbon credit schemes would lead them to abate
their emissions, over half said they were planning
to buy credits rather than cut actual emissions.
Another example of carbon credit markets
accidentally providing perverse incentives for cutting
carbon regards the world’s intact tropical forests.
While the carbon credit systems designed by the Kyoto
Protocol encourage countries and companies to invest
in or develop CDMs, which improve or replant forests,
current carbon credit markets are lacking any incentives to protect existing tropical forests.
Gustavo Fonseca, researcher and writer of
a recent report published in the Public Library of
Science Biology, explains, “The countries that haven’t
really been the target of deforestation have nothing [in
terms of credits] to sell because they haven’t deforested
anything. So that creates a perverse incentive for them
to actually start deforesting, so that in the future, they
might be allowed to actually cap-and-trade, as they
call it: You put a cap on your deforestation and you
trade that piece that hasn’t been deforested.” 10
In spite of the criticisms they receive on the multinational corporate level, carbon emission credits may
have a place within the basic consumption patterns
of everyone from students and the elderly to working
adults.
10

Public Library of Science Biology, August 14 2007, “No Forest Left Behind” Gustavo Fonseca, et al.
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Because individuals account for almost 20%
of greenhouse gas emissions in Canada, Canadian
firms and the Canadian government are considering
a program recently popularized by David Miliband,
Britain’s Secretary of State for Environment, Food,
and Rural Affairs.
The basic structure of the program involves the
federal government issuing a set amount of carbon
credits to individuals once a year, based on that
year’s overall emission targets. The carbon credits
would be stored in an account, or even recorded in an
existing credit card. Each time someone buys gasoline
or a plane ticket, equivalent credits would be withdrawn.
Currently, the Tyndall Centre for Climate Change
Research is looking into whether such a system could
be easily adapted to the existing infrastructure for
credit and debit cards. They are also investigating,
along with several other organizations, the necessary
guidelines which would need to be incorporated into
international carbon credit schemes.
One important objection to such a system is that
it would function much like a regressive tax, taking
money from less wealthy people on a larger scale
relative to the amount taken from the wealthy. Because
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carbon emission levels are not heavily dependent on
income levels, lower income earners could suffer more
onerous financial burdens from the proposed system.
Nonetheless, at this early stage the potential for
profits in the carbon trading system have encouraged
prospective participants to forge unlikely alliances.
Examples would include Chinese firms selling
credits to Western corporations, or notorious polluters
buying credits from environmentalists in developing
countries.
These strange partnerships have been likened to
the relationship which existed between the “Bootleggers and Baptists” in the early part of the last century.
The analogy was coined by Professor John Yandle of
Clemson University to describe how some companies
are encouraging environmental groups to promote
tough emissions standards, similar to the way the
whiskey-smugglers in the prohibition era encouraged
the Baptists to force legitimate alcohol distributors
to close. With the legal competition taken care of,
the Bootleggers would step in to reap even healthier
profits. Some have unfairly claimed that examples
of current day Bootleggers partnering up with the
equivalent of the Baptists are some of the members
of the Climate Action Partnership, which is discussed
in the next chapter.
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Without a doubt, any large-scale, multi-national
carbon credit exchange system will prove ineffective
unless equitable mechanisms are in place which
provide a level playing field for governments and
corporations operating around the world. This in
turn will require a credible measurement and fair
trading system to be established with adherence to strict
guidelines.
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The Dogma of Climate Change

VII

A consensus in the last century would have given us eugenics.
– Phillip Stotte

W

hether motivated by political, personal or
scientific reasons, or deep concerns for the
environment, many scientists, policymakers and
writers have preferred to join the school of thought
which attributes global warming to mankind. That is
not to say that all supporters of the commonly held view
of climate change are not open minded. Rather, this
chapter strives to point out that the sheer momentum
of the global warming movement has placed many
credible scientists and individuals into disrepute simply
because they have expressed dissenting views.
It may be worthwhile to consider Charles Darwin,
who faced considerable opposition before his revolutionary theories of human and species evolution were
commonly accepted. Even if Darwin had been wrong
about evolution (indeed, evolution is still officially
a theory), his careful research and objective approach
should have warranted the thoughtful attention and
consideration of his colleagues.
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So, just as Darwin gave due respect to the religious
and scientifically conservative authorities of his time,
this chapter calls on society, governments and scientific bodies to accept the legitimacy of unconventional
views on climate change, while giving due respect to
established, but not infallible, scientific authorities like
the IPCC.
Transparency in science and the independence of
science from religious, political or social irrationalities
is as integral to democracy as the separation of church
and state is to our political institutions. Unproven
science should not be allowed to become a tool of
politicians seeking public support. Even if false
science leads people to act well, their actions will
be insincere and unsustainable and therefore inferior
to actions made in a state of mind that is informed,
objective and truly well meaning.
On that note, it is appropriate to address Al Gore’s
contribution to the popular views on climate change.
This section of this book will briefly address his
significant documentary, An Inconvenient Truth.
There are many who have questioned Al Gore’s
presentation of climate information and the accuracy
of some of his conclusions. However, a detailed
discussion of the inaccuracies within Mr. Gore’s documentary would not only be unproductive but also
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redundant given its more encompassing contribution to
the environmental cause. Instead, a summary of some
of his claims and respected rebuttals will be sufficient
in showing the value and need for skepticism.
Assertions in
An Inconvenient Truth


Rebuttals


Himalayan glaciers are shrink-




The snowcap atop Africa’s




Global warming is causing




Global warming is causing




Global warming is causing an




Greenland is rapidly melting,



ing and global warming is to
blame.



tains.” (American Meteorological Society,
Journal of Climate, September 2006)

Mt. Kilimanjaro is shrinking
and global warming is
to blame.




“Hurricane activity is no higher now than

in decades past.” (Christopher Landsea,
May 2007)

expansion of Africa’s deserts.




“There has been no scientific link established

between global warming and tornadoes.”
(IPCC, “Fourth Assessment Report,” February
2007)

more frequent and severe
hurricanes.




“Researchers believe that deforestation of the

mountain’s foothills is the likely culprit. Without the forest’s humidity, previously moistureladen winds blow dry.” (Nature, November
2003)

more tornadoes.




“Glaciers are growing in Himalayan moun-


“African deserts are in spectacular retreat,

making farmland viable again in what were
some of the most arid parts of Africa.”
(New Scientists, September 2002)

which may raise sea levels by
20 feet.


“The Greenland ice sheet is thinning at the

margins and growing inland with a small mass
gain.” (Journal of Glaciology, 2005)




“The last two decades were the coldest for

Greenland since the 1910’s.” (Danish Meteorological Institute, 2006)




The Antarctic ice sheet is melt-



ing because of global warming.


“Antarctica, as a whole, has been dramatically

cooling for decades.” (Nature, May 2002)




“Satellite measurements of the Antarctic ice

sheet showed significant growth between 1992
and 2003.” (British Journal of Mathematical,
Physical, and Engineering Sciences, September 2006)
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Hopefully facts from other chapters will arm
readers with enough understanding to judge the
broader role of Al Gore’s documentary for themselves.
For example, An Inconvenient Truth has contributed
greatly to society’s sensitivity towards the important
ecological issue of climate change. Many are
hoping that the increased concern will translate into
a commitment to lessen every aspect of mankind’s
ecological footprint.
This heightened societal concern, if longlasting, will be a priceless gift from Al Gore that
should not be underestimated. Many would claim that
the world is in debt to him for raising awareness of
an issue that may indeed require massive political and
civil cooperation to effectively implement remedial
change.
However, Al Gore’s method of painting a startling
and rapidly deteriorating climate, especially by comparing a warmer world to the Book of Revelations,
diminishes its scientific and political credibility. Others question Mr. Gore’s attempt to raise climate change
as a moral issue.
Nonetheless, the Nobel Peace Prize selection
committee was impressed enough with Mr. Gore to
award him the Nobel Peace Prize, jointly with the
IPCC. The Nobel citation said Mr. Gore “is probably
the single individual who has done the most to create
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greater worldwide understanding of the measures that
need to be adopted.” It explained that Mr. Gore’s work
warranted a Peace Prize because, “Extensive climate
change may alter and threaten the living conditions of
mankind. This may induce large-scale migration and
lead to ... increased danger of violent conflicts and
wars.”
Mr. Gore immediately expressed his gratitude
and pride that he was being recognized alongside the
IPCC, “a group whose members have worked tirelessly
and selflessly for many years.” Ironically, in his statement of acceptance of the prize, Mr. Gore repeated the
words that have lost him respect in the eyes of many of
his critics: “The climate crisis is not a political issue; it
is a moral and spiritual challenge to all of humanity.”
Peter Foster, an admittedly “cranky conservative”
and senior columnist for the National Post, raised his
objection to global warming as a moral scruple when
he wrote, “Once you believe that an issue is moral, and
that you are the guardian of related ‘truths,’ then your
opponents become worthy only of contempt. Moreover, you are exonerated from all need to address their
concerns. It is inevitably a thankless task to prevent
morally over bloated people from doing well-intended
damage.” 1
1

National Post, June 13 2007, “Egomaniacs aren’t cool” Peter Foster
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When we consider the findings of credible
researchers, the science of climate change must be
removed from the political limelight and considered
objectively. Therefore, this chapter will explore the
situations of the scientists who have suffered because
of their contrarian views, but who nonetheless
faithfully continue to report their findings.
Anyone who has seen An Inconvenient Truth
will remember the zigzag graph which is intended to
indicate a perfect correlation between atmospheric
carbon concentrations and worldwide temperatures.
One should probably also remember that the graph
is attributed to the late Roger Revelle, leader of the
President’s Science Advisory Council and professor
of oceanography at the Scripps Institute, and his
colleague Charles Keeling.
Professor Revelle was the co-author of the
1957 paper which demonstrated that fossil fuels had
increased carbon dioxide concentrations in the air,
and the author of another in 1982 which was the first to
discuss global warming in a mainstream publication.
Professor Revelle was Al Gore’s instructor during the
1960’s at Harvard. The politician-to-be described him
as “a wonderful, visionary professor, one of the first
people in the academic community to sound the alarm
on global warming.” 2
2

National Post, April 28 2007, “Gore’s guru disagreed” Lawrence Solomon
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In 1988, Professor Revelle wrote to Senator
Tim Wirth and Congressman Jim Bates, saying, “We
should be careful not to arouse too much alarm until
the rate and amount of warming becomes clearer,”
and, “My own personal belief is that we should wait
another ten or twenty years to really be convinced
that the greenhouse effect is going to be important for
human beings, in both positive and negative ways.” 3
Professor Revelle also co-wrote an article for the
leading scientific journal Cosmos, which claimed,
“Stringent controls enacted now would be economically devastating.”
Almost as soon as Professor Revelle recommended
prudence rather than panic as a means of dealing
with climate change, Al Gore’s attitude towards him
changed. He still touted Professor Revelle as his mentor
in his 1992 book Earth in the Balance, but shortly after
the 1992 presidential election, Mr. Gore and some
members of his staff claimed that Professor Revelle had
become senile before the Cosmos article was written.
This issue grew messier as further accusations were
exchanged. Mr. Gore was criticized on Nightline by
host Ted Koppel: “There is some irony in the fact that
Vice President Gore – one of the most scientifically
literate men to sit in the White House this century –
3

Hoover Press, 2007, “The Revelle-Gore Story” S. Fred Singer
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is resorting to political means to achieve what should
ultimately be resolved on a purely scientific basis.
The measure of good science is neither the politics of
the scientist nor the people with whom the scientist
associates. It is the immersion of hypothesis into the
acid of truth. That’s the hard way to do it, but it’s
the only way that works.”
Rather than using this unpleasant situation to
discredit Mr. Gore or his colleagues, the damnation
of Professor Revelle, a renowned scientist and teacher,
should be viewed as an example of how politics and
popular culture can limit the accurate communication
of information and attainment of scientific understanding.
Another example of oppressing scientific opinions
is found in Mr. Gore’s well-received book, The Assault
on Reason. He explains, “Just as the new international
scientific report by the IPCC was being released,
one of these front groups financed by Exxon-Mobil
offered US$10,000 for each pseudostudy or paper
disputing the findings of the scientific community.” 4
Terence Corcoran, a columnist with the National
Post, wrote in response to this claim that Mr. Gore was
misrepresenting the situation and was discrediting all
climate scientists who disputed the commonly accepted
4

National Post, July 23 3007, “Don’t believe ExxonMobil: Global warming is real” Al Gore
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model, when even those that had been sponsored by the
“front group” (in this case, the American Enterprise
Institute) were not necessarily paid by Exxon-Mobil.
Mr. Corcoran wrote, “We have the allegation that
‘one of the front groups’ funded by Exxon had offered
US$10,000 to each scientist who would produce
a ‘pseudostudy’ disputing climate science. It was
based on a plan by the American Enterprise Institute to
pay a group of scientists and contributors – as it often
does – an honorarium of US$10,000 to examine key
climate issues. Exxon’s role? AEI’s total revenues
over the last seven years exceeded US$160 million,
of which Exxon contributed less than 1% as part of
its routine funding of foundations and think tanks.” 5
Whether you read Mr. Gore’s claim as oppressive
of scientific opinions, or Mr. Corcoran’s explanation
of the situation as equally biased and harmful to true
scientific pursuit, this is an example of how the climate
change issue is growing more messy and less scientific,
as both sides seek to prop up or tear down the scientists
they regard as useful or detrimental to their political
and social movements.
This is further explained by Carl Wunsch,
a professor of physical oceanography at MIT and
a foreign member of the Royal Society of London:
5

National Post, July 23 2007, “Don’t believe Al Gore: Global Warming is a crock” Terence Corcoran
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“Both extremes have reduced the debate to a cartoon
war, like a Batman movie.”
Another scientist, Eigil Friis-Christensen, who
is a director of the Danish National Space Centre and
member of a NASA working group, began studying
climate change in 1972, when media groups in the
Northern Hemisphere were actually obsessing over
global cooling. In 1991, Dr. Christensen published
a paper in Science Journal proving the near-perfect
correlation between solar activity and climate change.
At that time the IPCC refused to consider his
hypothesis on the grounds that only man-made climate
change warranted attention. Worse, George Monbiot,
an outspoken IPCC supporter and author of Heat,
accused Dr. Christensen of “the incorrect handling of
physical data,” using faulty arithmetic, and employing
unreliable satellite data. After rechecking his research
and submitting it for peer review, Dr. Christensen
proved he had made no mistakes.
Dr. Christensen said almost all of the criticisms
made against him stemmed from one advisor at the
Danish Ministry of Energy. The same advisor actually
admitted that he had very little experience in climatology. Years later, after critics had stopped slandering
him, Dr. Christensen was recognized by the Journal of
Geophysical Research for “excellence in refereeing.”
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Another example of a harsh response to a scientist
publishing contrary research is Zbigniew Jaworowski,
chairman of the Scientific Council of the Central
Laboratory for Radiological Protection, who has been
a fierce critic of the ice-core sampling methods used
to determine historic atmospheric CO2 levels. After
proving the unreliability of ice-core samples,
Dr. Jaworowski applied for a grant to fund a research
project in 1994 from the Norwegian Institute of Energy
Technics. According to the Institute, his proposal
was damned because the research would be deemed
“immoral” if it undermined the foundations of popular
climate change theories.
Dr. Jaworowski’s reputation was further damaged
after publishing a paper detailing the same unreliability
of ice-core sampling, when the director of the Institute
claimed, “This is not the way one gets funding for
research projects.” Another one of his critics even
said that his “paper puts the Norsk Polarinstitutt in
disrepute.”
Richard Lindzen is a professor of meteorology at
MIT whose findings will be further referred to in the
following chapters. Professor Lindzen is extremely
critical of the politicized and dogmatic nature of
climate science. He says, “There is a more sinister side
to this feeding frenzy. Scientists who dissent from the
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alarmism have seen their grant funds disappear, their
work derided, and themselves libelled as industry
stooges, scientific hacks or worse.”
A specific example of this dogmatism, says
Professor Lindzen, is the IPCC. He points out,
“Throughout the drafting sessions, IPCC ‘coordinators’ would go around insisting that critical models
be toned down, and that ‘motherhood’ statements be
inserted to the effect that models might still be correct
despite the cited faults. Refusals were occasionally
met with ad hominem attacks. I personally witnessed
co-authors forced to assert their ‘green’ credentials
in defence of their statements.”
Ironically, the Pontifical Climate Change and
Development Study Seminar hosted by the Vatican in
2007 seems to have been less dogmatic than the IPCC
or even other reputable climate change think-tanks.
During their 2007 retreat, many viewpoints were
discussed and presentations were made by scientists of
both camps.
The leader of the seminar, Cardinal Martino, who
is also president of the Pontifical Council for Justice
and Peace, encouraged caution and contemplation
when taking sides on the issue of climate change.
Antonino Zichichi, president of the World
Federation of Scientists, closed the Pontifical seminar
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by saying, “On the basis of actual scientific fact it is
not possible to exclude the idea that climate changes
can be due to natural causes.” In respect to admitting
various fact-based opinions, the Pontifical seminars
may have set an example of open-mindedness for
secular institutions and governments to follow.
On a less encouraging note, Vaclav Klaus, the
President of Czech Republic (which signed the Kyoto
Protocol shortly after Canada), disputed in a widely
published essay the manufactured consensus in climate
science and even condemned the eco-hysteria which
he claims is ruining the democracy and freedom he
sought for so long. 6
President Klaus’ letter is certainly appreciated and
respected for its candidness: “Global warming hysteria
has become a prime example of the truth versus propaganda problem. It requires courage to oppose the
established truth, although a lot of people – including
top-class scientists – see the issue of climate change
entirely differently. They protest against the arrogance
of those who advocate the global-warming hypothesis
and relate it to human activities.”
As someone who lived under Communism for most
of his life, he felt “obliged to say that I see the biggest
threat to freedom, democracy, the market economy,
6

National Post, June 16 2007, “Resist hysteria” Vaclav Klaus
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and prosperity, now in ambitious environmentalism,
not in Communism. This ideology wants to replace the
free and spontaneous evolution of mankind by a sort
of central (now global) planning.”
On the whole, it unfortunately appears that current
scientific dogma is committed to the common view
of anthropogenic climate change. The irony of the
situation is inescapable: Society at present prefers to be
found guilty of damaging the climate and harming the
Earth, rather than keeping an open mind in searching
further for the truth.
If the world is to arrive at the true causes of global
warming, industrial leaders, politicians, and private
citizens must be strong in their support for ongoing
objective science. Only then can the world work
together with full confidence and decide on the best
course of action for preserving the natural environment, while at the same time promoting economic
prosperity.
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VIII

Basic Criticisms of Climate Models

Method Wrong + Answer Correct = Bad Science
– Edward Wegman

A

s explained in the previous chapter, scientists
who challenge the commonly accepted models
of anthropogenic climate change are often ignored, or
even worse, discredited by their colleagues.
Some of the noted critics reveal subtle fallacies
in the logic of the researchers, while others point
at glaring mistakes. These include misrepresentations
of facts which have persisted through various levels of
editing within the IPCC and other ostensibly reputable
institutions.
The majority of professional scientists, however,
who challenge the commonly accepted models do not
deny that humans have played a part in causing climate
change, but they do question the extent to which
humans are guilty.
Before explaining some of the criticisms scientists
have of commonly accepted climate models, it is worth
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looking at one of the major discrepancies found even
between organizations that are convinced that climate
change is both harmful and man-made.
The IPCC, Hadley Centre, and Malte Meinshausen
of the Potsdam Institute for Climate Impact Research,
all believe in anthropogenic global warming, and have
conducted respected (though not undisputed) scientific
research.
In examining the anomalies in post-global warming temperature predictions offered by the IPCC,
Hadley Centre, and Dr. Meinshausen, it is certainly
worth contemplating what exactly is meant by global
average temperature. Establishing or researching
a temperature that accounts for the entire planet is
possible, though some would claim that it wouldn’t
reveal much about climate change.
An insightful objection was recently raised against
the concept of global average temperatures in a letter
to the National Post by a subscriber without a background in science. The letter explained, “The ‘global
average temperature’ means as much as the average
temperature of an insulated cup of coffee sitting on an
iceberg. The coffee may be at 90°C and the iceberg may
be at -10°C, but to say that the average temperature
of the two is 50°C doesn’t mean much because the
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thermal mass of the iceberg is so much greater than
that of the coffee.” 1
One can rebut this objection to global average
temperatures by pointing out that there are thousands
of measuring stations around the world, and that having
thousands of measuring points within the iceberg-coffee
analogy would allow for a more accurate measurement.
One may also point out that while forecasted high and
low temperatures are rarely accurate, many people are
able to use them to decide what to wear each morning
when they go to work or school, and that having
a rough idea of average temperatures is therefore
useful.
Nonetheless, temperature measurement stations
around the world are a point of concern for most
scientists from both climate camps, because they
are mostly situated in the developed world, often in
densely populated areas, where the urban heat-island
effect plays a significant role in local temperature.
Also, there is a deficit of measurement stations on the
oceans of the world, leaving significant portions of
the Earth unaccounted for.
On the whole, measuring the temperature of the
world is a difficult task, and the subjectivity of
such measurements is worth keeping in mind when
1

National Post, June 30 2007, “Re: There is No Global Temperature, Christopher Essex” Dan Hagarty
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studying the conclusions of scientists who support
the commonly accepted model of global warming,
as well as those who don’t. On that note, viewing
the anomalies in temperature predictions at given
atmosphere carbon dioxide concentrations is indicative
of the measurements’ subjectivity, as well as the room
left for scientists to be creative in interpreting data.
Temperature Predictions at Stabilization
Relative to Pre-Industrial Levels, ºC
Stabilization Level
(CO2 Parts per
million)

IPCC

Hadley Centre

Marte
Meinshausen

400

0.8 – 2.4

1.3 – 2.8

0.6 – 4.9

450

1.0 – 3.1

1.7 – 3.7

0.8 – 6.4

500

1.3 – 3.8

2.0 – 4.5

1.0 – 7.9

550

1.5 – 4.4

2.4 – 5.3

1.2 – 9.1

650

1.8 – 5.5

2.9 – 6.6

1.5 – 11.4

750

2.2 – 6.4

3.4 – 7.7

1.7 – 13.3

1,000

2.8 – 8.3

4.4 – 9.9

2.2 – 17.1

Source: Various Sources

An early Fraser Institute report on climate change
makes the argument for reconsidering climate models
used by all scientists: “Ever since the first hominid
cleared a patch of land, the climate has been changed.
Only the scale of the effect has increased with technological evolution. Today, the Earth’s landscape bears
the marks of a large-scale modern human civilization;
so does its climate. The scientific ferment about climate
change has never been about the question whether
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human beings could (or would) change climate. That
is an inevitable consequence of known physics. But,
the more important questions – how much and in what
fashion – is clearly a matter of great debate.” 2
The “great debate” referred to by the Fraser
Institute is valuable and necessary in furthering our
understanding of human influence on the Earth’s
climate. Keeping in mind the notorious axiom that the
“science is not settled” is important both for reading
the arguments in favour of anthropogenic climate
models, as well as those from other points of view.
Before moving to a description of the science
which points towards man-made global warming,
this chapter will outline the research of scientists who
openly dispute the level of accountability placed on
mankind by the IPCC. 3
Richard Lindzen, a professor of meteorology and
atmospheric physicist at the Massachusetts Institute of
Technology, is critical of many scientists’ presentation
of the facts. More than anything, he is concerned
with the hidden agenda of researchers and publishers.
He commented in mid-2007, “In the scientific community, your interest is for your field to be recognized so
that it will have priority in government funding.”
2

Fraser Institute, 1990, Economics and the Environment: A Reconciliation

3	A special mention is owed to Lawrence Solomon, executive director of Energy Probe, whose
“The Deniers” series of articles was most valuable in writing this chapter.
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“Some years ago,” Professor Lindzen continued,
“When Richard Nixon declared war on cancer,
almost all the biological sciences then became cancer
researchers. I mean, I don’t call that corruption, I’m
saying you orient your research so that it has a better
chance to get resources.”
On the other hand, scientists who don’t cater to
fears of the media and government are ostracized.
An ironic exception involves Professor Lindzen, who
recently received an award for courage in opposing
conventional thinking.
Professor Lindzen claims that many scientists
from both climate change camps have “found
numerous problems with model treatments – including
those of clouds and water vapour.” He also says,
“Because there is considerable uncertainty in current
understanding of how the climate system varies
naturally and reacts to emissions of greenhouse gases
and aerosols, current estimates of the magnitude of
future warming should be regarded as tentative and
subject to future adjustments.”
In addition to the consensus-building described in
the chapter dealing with the IPCC, Professor Lindzen
is concerned with the fact that media and school boards
are imposing concepts of man-made climate change
on youth in the classroom. He says, “It’s straight out
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of Hitlerjugend.” Professor Lindzen believes there is
one thing the general public should do to protect the
planet: “Learn math and physics so we don’t get fooled
by the idiocy.”
Recently in England, a man was so incensed that
his children had been forced to watch Al Gore’s An
Inconvenient Truth in school that he brought a court
challenge to Judge Michael Burton. Judge Burton in
the end recognized the political and moral nature of
Mr. Gore’s film, in addition to the scientific fallacies
and misrepresentations. The Judge consequently
recommended that the movie only be screened when
presented with contrarian view points, a stance taken
by several Canadian school boards as well.
A slightly less strident but equally concerned
critic is Freeman Dyson, a professor of physics at the
Institute of Advanced Study at Princeton, fellow of
the American Physical Society, and fellow of the Royal
Society of London.
Generally speaking, Professor Dyson says,
“[IPCC scientists’] climate models do a very good
job of describing the fluid motions of the atmosphere
and the oceans. They do a very poor job of describing
the clouds, the dust, the chemistry and the biology of
fields and forests. They do not begin to describe the
real world that we live in.”
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Tim Flannery describes the lack of knowledge
and understanding regarding clouds in The Weathermakers. He says, “Clouds cloud the issue, so to speak,
because no one has yet developed a theory of cloud
formation and dissipation; and because clouds can both
trap heat and reflect sunlight back into space. They
can, according to circumstances, powerfully heat or
cool.” 4 This black hole in our understanding of climate
science is even more significant when one considers
the recent discovery that cloud formation is caused
by solar radiation.
Nir Shaviv, an associate professor at the Racah
Institute of Physics at the Hebrew University of
Jerusalem, feels that being too close-minded also led
him to misunderstand the issue of climate change. He
says, “Like many others, I was personally sure that CO2
is the bad culprit in the story of global warming. But
after carefully digging into the evidence, I realized
that things are far more complicated than the story told
to us by many climate scientists or the stories regurgitated by the media.”
Professor Shaviv explains that much of climate science relies on “incriminating circumstantial evidence,”
and says that other explanations for climate change
are not being given due attention. In his recent study
4

HarperCollins Publishing Ltd., 2005, The Weathermakers, Tim Flannery
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of meteorites, which was published in The Physical
Review Letters, Professor Shaviv found that meteorites
landing on Earth after travelling through the arms of
the Milky Way experienced 10% more cosmic ray
damage than at other times – enough, he says, to alter
global temperatures by 15%. 5
In another paper, published in the Geological
Society of America Journal, Professor Shaviv claims,
“Atmospheric levels of CO2 are commonly assumed
to be a main driver of global climate. Independent
empirical evidence suggests that the galactic cosmic
ray flux (CRF) is linked to climate variability. We
find that at least 66% of the variance in the paleotemperature trend could be attributed to CRF variations
likely due to the solar passage through the spiral arms
of the galaxy.” 6
Overall, Professor Shaviv says, “I am in favour
of developing cheap alternatives such as solar power,
wind, and of course fusion reactors (converting
deuterium into helium). I am quite sure Kyoto is not
the right way to go.”
Christopher Landsea is an extraordinary example
of a scientist who has been lauded as well as ostracized
5	The Physical Review Letters, July 29 2002, “Cosmic Ray Diffusion from the Galactic Spiral Arms,
Iron Meteorites, and a Possible Climate Connection” Nir Shaviv
6

Geological Society of America Journal, July 2003, “Celestial driver of the Phanerozioc climate?”
Nir Shaviv, Jan Veizer
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for his criticisms of popular climate models. He is
currently a research meteorologist at the Atlantic
Oceanic and Meteorological Laboratory of the National
Oceanic and Atmospheric Administration, and the
former chairman of the American Meteorological
Society’s Committee on Tropical Meteorology.
Dr. Landsea was a contributing author to the
IPCC’s “Second” and “Third Assessment Reports,”
and was invited to research and write for the “Fourth
Assessment Report,” but resigned before completing
his assignment. His reasons for leaving the IPCC began
almost immediately after being invited, when a press
conference was called to explain that “experts warn
global warming is likely to continue spurring more
outbreaks of intense hurricane activity.”
As the IPCC’s expert on Atlantic hurricanes,
Dr. Landsea was concerned that nobody had consulted
him before informing the press. He was also shocked
that no research had been done regarding hurricanes
since the 1995-2001 report which had found “no clear
trend in the annual numbers of tropical cyclones,” or
any relationship between cyclonic activity and climate
change.
Moreover, the most recent report at the time on
cyclone activity claimed “the likelihood of a human
contribution to observed trends” was “more likely
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than not,” but modified the statement with a footnote
which explained that “the magnitude of anthropogenic
contributions were not assessed. Attribution for these
phenomena were based on expert judgements rather
than formal attribution studies.” 7
About the press conference, which he did not
attend, Dr. Landsea simply said, “This does not reflect
the consensus within the hurricane research community. ”He later wrote to the IPCC leaders asking,
“Where is the science, the refereed publications that
substantiate these pronouncements? What studies are
being alluded to that have shown a connection between
observed warming trends on the earth and long-term
trends in tropical cyclone activity? As far as I know,
there are none.” 8
In the same memo, he told the IPCC leadership,
“I am concerned that it may not be possible for the
IPCC process to proceed objectively at this point, with
regards to hurricane activity. There are many legitimate scientific reasons to be concerned with global
warming, but the evidence just is not there with
hurricanes no matter how much it is trumped up for
the media and public.”
7	Intergovernmental Panel on Climate Change, 2007, “Summary for Policymakers: Contribution
of Working Group 1 to the Fourth Assessment of the IPCC”
8	Christopher Landsea, November 2006 – January 2007, “Email Correspondence of
Christopher Landsea”
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After being consistently ignored, he drafted a letter
of resignation and left the IPCC. His letter explained,
“I am withdrawing because I have come to view the
part of the IPCC to which my expertise is relevant as
having become politicized. In addition, when I have
raised my concerns to the IPCC leadership, their
response was simply to dismiss my concerns.”
At another point, he continues, “It is beyond me why
my colleagues would utilize the media to push an
unsupported agenda that recent hurricane activity has
been due to global warming.” 9
Finally, Dr. Landsea’s resignation letter concluded: “I personally cannot in good faith continue
to contribute to a process that I view as both being
motivated by pre-conceived agendas and being
scientifically unsound. As the IPCC leadership has seen
no wrong in Dr. Trenberth’s actions and have retained
him as a Lead Author for the AR4 [“Fourth Assessment Report”], I have decided to no longer participate
in the IPCC AR4.”
Dr. Landsea’s resignation from such a credible
scientific institution on the basis of misrepresented
research should not be taken lightly. Urging fear of
repeated deception would be hypocritical, given that
a major objection to the IPCC is its practice of rousing
9

Christopher Landsea, January 17 2007, “Open letter to the IPCC/Resignation Letter”
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fear among non-scientific citizens. Nonetheless, this
stands as an example of how dedicated scientists
are protecting the concept of understanding climate
change, and how a critical readership can protect
against deception.
Another critic of climate change scientists’ methods is Edward Wegman, head of the Mathematical
Sciences Division in the U.S. Office of Naval Research.
His greatest criticisms are directed at Michael Mann’s
much cited Hockey Stick Graph which shows gross
temperature rises “to have been the largest of any
century during the past 1,000 years.”
Dr. Wegman maintains, “The paucity of data in
the more remote past makes the hottest-in-a-millennium claims essentially unverifiable.” He says that
Dr. Mann’s mistakes, “May be easily overlooked
by someone not trained in statistical methodology.
We note that there is no evidence than Dr. Mann or
any of the other authors in paleoclimate studies have
had significant interactions with mainstream statisticians.”
Concerning the general acceptance of Dr. Mann’s
theories despite his methodical fallacies, Dr. Wegman
also says, “I am baffled by the claim that the incorrect
method doesn’t matter because the answer is correct
anyway. Method Wrong + Answer Correct = Bad
Science.”
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Another highly criticized aspect of climate science
is the method used to acquire information on historic
carbon concentrations in the atmosphere. Indeed, to
determine the levels of greenhouse gases before 1958,
when the U.S. began taking measurements in Hawaii,
scientists have extracted air bubbles from ice-core
samples in the polar regions of the planet.
This is a favoured method of the IPCC in proving
that temperatures increase parallel to carbon dioxide
increases. But for such a sample to accurately portray
carbon dioxide levels from millennia ago, the ice must
never have become liquid, cracked, or mixed with
other gases.
Zbigniew Jaworowski, chairman of the Scientific
Council of the Central Laboratory for Radiological
Protection in Warsaw, Poland, came to understand the
inherent errors with ice-core samples when he studied
contaminants which travel through ice over time.
He says, “Liquid water is common in polar snow
and ice, even at temperatures as low as -72º C, and we
also know that in cold water, CO2 is 70 times more
soluble than nitrogen and 30 times more soluble than
oxygen, guaranteeing that the proportions of the various
gases that remain in the trapped, ancient air will
change.”
Furthermore, explains Dr. Jaworowski, “The IPCC
relies on ice-core data – on air that has been trapped
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for hundreds or thousands of years deep below the surface. These ice-cores are a foundation of the global
warming hypothesis, but the foundation is groundless
– the IPCC has based its global warming hypothesis
on arbitrary assumptions and these assumptions, it is
now clear, are false.”
The Problem of Arbitrary Parameters
Upon developing a model of subatomic behaviour in 1953 that corresponded perfectly with Enrico Fermi’s* actual measurements, I asked
Fermi whether he was not impressed by the agreement between our calculated numbers and his measured numbers. He replied, “How many
arbitrary parameters did you use for your calculations?” I thought for
a moment about our cut-off procedures and said, “Four.” He said,
“I remember my friend Johnny von Neumann** used to say, with four
parametres I can fit in an elephant, and with five I can make him wiggle
his trunk.” With that, the conversation was over.
- Freeman Dyson
* Enrico Fermi built the first nuclear reactor in 1942.
** “Johnny” von Neumann was a co-creator of economic game theory.

In 1972, the Club of Rome published The Limits to
Growth, which predicted “a rather sudden and uncontrollable decline in both population and industrial
capacity,” with an inevitable social collapse no later
than the year 2010. The neo-Malthusian prophecies
were unfortunately heeded and are blamed for causing
an unnecessary doomsday frenzy among industrialists
and conservationists around the world. 10
Consider that near the very beginning of The
Limits to Growth, the authors openly admitted their
10

Club of Rome, 1972, The Limits to Growth
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assumptions and the fallacies within their models:
“The model we have constructed is, like every model,
imperfect, oversimplified, and unfinished.”
As it turns out, the Club of Rome was very wrong
in the scale and time designations of their predictions, though the implications and the ideas suggested
were certainly of great value to anybody who read
through their work and had an interest in promoting
conservation.
Of course, there is no such thing as a perfect
model and it would be unreasonable to expect scientists to be prophets. More to the point, accepting the
work of any scientific group or any model as definite
and irreproachable would be extremely unreasonable
and even irresponsible.
It is therefore distinctly possible that the IPCC
reports, and the models they have developed, could
be as far off the mark as The Limits of Growth study
proved to be in the second half of the last century.
Scientists are not to be blamed for admitted
inaccuracies, though intentional miscommunications
of methodical flaws constitute breeches of trust. Only
through skepticism and a willingness to objectively
evaluate various theories can we protect ourselves
from unnecessary and wasteful responses, or worse
still, being carried away by mass alarmism.
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The Role of the Sun in Climate Change

IX

As the largest source of heat, the Sun’s role
in climate changes is probably underrated.
– Jasper Kirkby

I

n addition to the arguments already cited against
the conclusions of mainstream scientists and
climatological institutions, there are other credible and
plausible explanations for temperature changes on the
planet which deserve consideration.
Indeed, researchers from the University of Alberta
recently claim to have found further evidence for
the hypothesis that when a large comet struck the
Earth almost 13,000 years ago it started the cold snap
which drove mammoths, mastodons, and sloths to
extinction.
In terms of the current case for climate change,
however (since we would have noticed a comet), one
of the more convincing theories blames the changing
atmospheric composition and increasing temperatures
on solar radiation.
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The Sun is by far the largest source of heat-energy
for the Earth, and any change in the amount of sunlight
obviously will drastically alter the Earth’s climate. For
that reason, it is worth understanding the two physical
cycles of the Earth which change the amount of Sun
reaching our atmosphere.
The largest and longest of these cycles is the
Earth’s elliptic orbit, or the shape of the path around
the Sun which the Earth follows while orbiting. The
shape grows less and more circular every 100,000 years
or so, and consequently results in variations in the
amount of radiation reaching the Earth.
Currently, the Earth’s orbit is more circular than
eccentric, or oval-shaped, so radiation levels vary by
only 6% throughout the year; when the orbit is more
eccentric, radiation can vary almost 30%, thereby having an impressive impact on regional temperatures. 1
The shorter and slightly less influential cycle
is the Earth’s tilt on its axis, which ranges between
21.8 and 24.4 degrees. When the Earth is inclined in
such a way that the Northern Hemisphere faces the
Sun, the snow and ice surfaces at the Earth’s North
Pole reflect the Sun’s light and consequently worldwide temperatures marginally decrease. When the
1	The Astrophysical Journal, 1996, “Inference of solar irradiance variability from terrestrial temperature
changes, 1880-1993” Willie Soon
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Southern Hemisphere tilts closer to the Sun, temperatures increase very slightly.
Typically, the radiation received on Earth from the
Sun equals about 340 watts per square metre, although
this can vary up to 0.1% depending on stages of the
11-year solar cycle. Of all this radiation, approximately
100 watts per square metre is reflected back into the
atmosphere by ice, aerosols, and clouds.
The radiation emitted by the Sun has a very short,
energetic wavelength which allows it to pass through
the Earth’s atmospheric gasses without much trouble.
Any heat or light energy reflected off of the Earth,
however, becomes much longer in wavelength due
to lost energy; reradiated energy from the Earth has
wavelengths up to 25 times longer than those emitted
by the Sun.
Atmospheric gases are very efficient at blocking
these longer, less intense energy waves, and are therefore thought to cause a greenhouse effect, in the same
way that a glass greenhouse is penetrated by light but
contains heat with great efficiency.
Jan Veizer, winner of the 1992 Leibniz Prize,
the highest German award for scientific research,
and a special researcher at the University of Ottawa,
said in a recent paper, “At this stage, two scenarios
of potential human impact on climate appear feasible:
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The standard IPCC model that advocates the leading
role of greenhouse gases, particularly of CO2, and the
alternative model that argues for celestial phenomena
as the principal climate driver. The two scenarios are
likely not even mutually exclusive, but a prioritization
may result in different relative impact. Models and
empirical observations are both indispensable tools of
science, yet when discrepancies arise, observations
should carry greater weight than theory. If so, the
multitude of empirical observations favours celestial
phenomena as the most important driver of terrestrial climate on most time scales, but time will be the
final judge.” 2
Because cosmic rays form isotopes in rocks, it
is possible to calculate how much bombardment the
planet has received in the last 200,000 years. By using
this information it is clear that the rise in temperature
over the past 100 years has occurred hand-in-hand
with the Sun’s most active period in 1,000 years.
However, the activity of the Sun does not explain all
of the temperature increase of the latter half of the
20th century.
This anomaly can be explained by the fact that
the Sun’s activity affects more than just the amount
of light and heat emitted. Solar activity changes the
2	Geoscience Canada, March 2005, “Celestial climate driver: A perspective from four billion years
of the carbon cycle” Jan Veizer
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Sun’s magnetosphere, which shields the Earth from
high-energy cosmic radiation emitted by the supernovae
at the centre of the Milky Way. This cosmic radiation
influences the climate in many ways.
NASA scientists have also suggested that cosmic
rays which “influence cloud formation can affect climate” by charging molecules which eventually become
water droplets and then massive clouds. Clouds affect
climate by reflecting sunlight or by absorbing it, but
as of yet, climatologists are not sure whether high levels
of precipitation and condensation in the atmosphere
cool or warm the Earth.
Jasper Kirkby, director of the Cosmics Leaving
Outdoor Droplets (CLOUD) experiment, has been
convinced since 1998 that the Sun “will probably be
able to account for somewhere between a half and the
whole of the increase in the Earth’s temperature that
we have seen in the last century.”
Dr. Kirkby’s project uses a high-energy beam from
a particle accelerator to mimic cosmic rays in the atmosphere. “By studying the micro-physical processes at
work when cosmic rays hit the atmosphere,” he says,
“We can begin to understand more fully the connection
between cosmic rays and cloud cover. Clouds exert
a strong influence on the Earth’s energy balance, and
changes of only a few percent have an important effect
on the climate.”
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Henrik Svensmark, director of the Centre for
Sun-Climate Research at the Danish Space Research
Institute, has also found that clouds caused by supernovae radiation are responsible for large temperature
fluctuations. Low-altitude cloud cover can vary by
2% in five years, which can affect the Earth’s surface
by up to 1.2 watts per square metre. 3
Dr. Svensmark explains, “That figure can be
compared with about 1.4 watts per square metre estimated by the IPCC for the greenhouse effect of all the
increase in carbon dioxide in the air since the Industrial
Revolution.”
But Gordon McBean, a professor at the University
of Western Ontario, doesn’t think solar radiation is
influential enough to cause climate change. He says,
“If you don’t include greenhouse gases, all these
projections show that if anything we should have been
cooling for the past few decades. But it’s the greenhouse gas signal over the past 30 years that has made
the difference.”
In response to Professor McBean’s objection,
Professor Veizer simply states, “Look, maybe I’m
wrong, but I’m saying, at least let’s look at this and
discuss it.” Professor Veizer also adds that because
3	Danish National Space Centre, November 1998, “Cosmic Rays and the Earth’s Climate”
Henrik Svensmark
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solar radiation is understood to be a large factor in
forming clouds, especially by means of particle matter
in the air, “the impact of pollution, if indeed significant, could even potentially result in global cooling
instead of global warming, similar to the IPCC chain
of reasoning that is invoked for the 1940-1976 cooling
trend.”
Another argument supporting the Sun’s involvement in the Earth’s changing climate uses the big picture
to explain the planet’s atmospheric tendencies.
Researchers have recently found that the entire solar
system has been getting warmer, slowly but surely,
over many thousands of years. The ice caps are melting
on Mars, Neptune is heating up, Jupiter is developing
a second massive surface storm due to warming by
6˚C, and Pluto is 3˚C warmer. 4
Habibullo Abdussamatov, head of the Pulkovo
Astronomical Observatory in St. Petersburg, explains,
“Mars has global warming, but without a greenhouse
and without the participation of Martians. These parallel global warmings – observed simultaneously
on Mars and on Earth – can only be a straight-line
consequence of the effect of the one same factor:
A long-time change in solar irradiance.”
4	U.S. National Oceanic and Atmospheric Administration, 2004, “Global Cooling and the Cold War”
Robert Reeves

146

The Heart of The Problem
Another credible researcher, Sami Solanki of the
Max Planck Institute for Solar System Research, says,
“The Sun is in a changed state. It is brighter than it was
a few hundred years ago and this brightening started
relatively recently – in the past 100 to 150 years. The
Sun has been at its strongest over the past 60 years and
may now be affecting global temperatures.”
In agreeing with Dr. Solanki, Nigel Weiss,
professor emeritus of mathematical astrophysics at
the University of Cambridge and former president
of the Royal Astronomical Society, explains, “We live
in a period of abnormally high solar activity,” and
that “every 200 years the Sun is known to experience
a ‘crash,’ as it did during the Maunder Minimum,
a period of 70 years with little solar activity lasting
from 1645-1715.”
Interestingly, when the length of solar cycles, or
high solar activity, increased from 1910-1940, global
temperatures did as well. But when the solar cycles
were shorter, from 1940-1960, temperatures on Earth
cooled slightly. In line with these findings, Willie
Soon of the Solar and Stellar Physics Division of the
Harvard-Smithsonian Centre for Astrophysics proved
that the Little Ice Age in the 1700’s, during which
the River Thames, Hudson River, and New York
harbour all froze over, corresponded perfectly with the
Maunder Minimum.
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Therefore, Professor Solanki and other scientists
conclude, any climate change that has occurred on
Earth has been largely due to solar activity. However,
they note that since 1980 the Sun’s activity has not
been in a perfect correlation with temperatures on
Earth. The anomaly, say some scientists, like Antonino
Zichichi, professor emeritus of advanced physics at
the University of Bologna, is all that we may credit to
man’s noxious industrial emissions.
Others, however, take the Maunder Minimum
theory a little further. They explain that the anomaly
between solar radiation and average temperatures on
Earth is negligible because a solar crash would overcome any supposedly anthropogenic greenhouse gases
in the atmosphere.
George Kukla, micropaleontologist and special
research scientist at the Lamont-Doherty Earth Observatory at Columbia University, first warned the world
about global cooling in 1975 and even now remains
staunchly convinced that the Earth’s relationship to
the Sun is the primary factor in forming the climate
of the Earth.
Dr. Kukla feels there is still more scientific
evidence on the way which will demonstrate that ice
ages are always preceded by brief warming periods,
caused by the alignment of the Earth’s axis with the
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Sun. In a recent interview, he said, “I feel we’re on
pretty solid ground in interpreting the Earth’s orbit
around the Sun as the primary driving force behind
ice age glaciation. The relationship is just too clear
and consistent to allow reasonable doubt. It’s either
that, or climate drives orbit, and that just doesn’t make
sense.”
Even as early as the 1970’s, Dr. Kukla was so
bothered by the scientific evidence in favour of his
theory that he wrote then-U.S. President Richard
Nixon, warning that either the world ought to find
ways to prevent the coming ice age, or invest heavily
in means for recovering from the inevitable climatic
shock. 5
In his correspondence, he said, “A deterioration
of climate, by order of magnitude larger than hitherto
experienced by mankind, is a very real possibility and
indeed may be due very soon. The cooling has natural
cause and falls within the ranks of processes which
produced the last ice age.”
In a fascinating letter to the National Post,
Timothy Patterson, professor and director of the
Ottawa-Carleton Geosciences Centre at Carleton
University, described his own predictions of global
5

 .S. National Oceanic and Atmospheric Administration, 2004, “Global Cooling and the Cold War”
U
Robert Reeves
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cooling and the role of the Sun in climate change.
Patterson derived his understanding from a years-long
research project, which collected millennia-old mud
from the depths of Western Canadian fjords. 6
Professor Patterson explains that during warm
periods of any length there is a greater density of fish
scales and phytoplankton in the ancient mud, and that
there is clear evidence of the climate going through
extremely warm and cold phases over short time
periods. For example, 4,400 years ago climatic conditions shifted from warm and dry (which it had been for
hundreds of years) to cold and wet (which it remained
for several decades) within only a few years.
“In particular,” he claims, “we see marine productivity cycles that match well with the Sun’s 79
to 90-year ‘Gleissberg Cycle,’ the 200 to 500-year
‘Suess Cycle’ and the 1,100 to 1,500-year ‘Bond
Cycle.’ ” He also explains that the 11-year “Schwabe
Cycle” is the most common and influential in shaping
the Earth’s climate.
Professor Patterson, noticing a slight discrepancy
between his measurements of mud and the research
of other solar scientists, arrived at the conclusion that
some other factor had to be influencing the effect of
the Sun’s cycles on the Earth’s climate.
6

National Post, June 20 2007, “Read the Sunspots” Timothy Patterson
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“Even though the Sun is brighter now than at any
time in the past 8,000 years, the increase in direct solar
input is not calculated to be sufficient to cause the past
century’s modest warming on its own,” says Professor
Patterson. He continues, “In a series of groundbreaking scientific papers, starting in 2002, Veizer,
Shaviv, Carslaw, and most recently Svensmark et al.,
have collectively demonstrated that as the output of
the Sun varies, and with it our star’s protective solar
wind, varying amounts of galactic cosmic rays from
deep space are able to enter our solar system and
penetrate the Earth’s atmosphere. These cosmic rays
enhance cloud formation which, overall, has a cooling
effect on the planet. When the Sun’s energy output
is greater, not only does the Earth warm slightly due
to direct solar heating, but the stronger solar wind
generated during these ‘high Sun’ periods blocks many
of the cosmic rays from entering our atmosphere. Cloud
cover decreases and the Earth warms still more.”
In concluding this chapter, it is interesting to note
Professor Patterson’s observation that the Sun will
soon be moving into the weakest Schwabe solar cycle
in over two centuries. He believes, “It may be global
cooling, not warming, that is the major climate threat
to the world, especially Canada … and it would
take very little cooling to destroy much of our food
crops.”
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While we could use this knowledge of the Sun’s
powerful influence on our climate as an excuse to not
act, the best course of action is the same as that stated
throughout this book: To become more informed of all
aspects of climate change, while firmly committing
to improve efficiency, reduce waste and lessen our
ecological impact regardless of the scientific outcome
of the studies under way.
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Heavy Breathing:
CO2 in Perspective

X

We need to remind ourselves that our ultimate goal is not to reduce
greenhouse gases or global warming per se, but to improve the
quality of life and the environment.
– Bjørn Lomborg

T

he most heavily debated aspect of climate change
is the role of carbon dioxide rather than the other
greenhouse gases. Our governments and research
institutes want to know how much of global warming
is caused by carbon dioxide emissions, because they
believe this knowledge will allow them to deduce how
much of global warming is attributable to countries,
corporations and individuals.

There are a few helpful statistics illustrating where
mankind’s carbon dioxide comes from. First of all,
while carbon dioxide emissions increased annually on
average about 0.8% between 1980 and 1999, between
2000 and 2005 emissions increased at 3.2% per year.
The power sector was in both periods the greatest
emitter of carbon dioxide, and saw emissions increase
by 2.2% per year between 1990 and 2002. 1
1

Lehman Brothers, February 2007, “The Business of Climate Change”
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Before addressing the potential role of greenhouse gases in changing the world’s climate, it is
useful to put them into perspective. The following
table provides volume and ratio comparisons to other
elements.
If the Atmosphere Were
100 Cases of 24 One-Litre Bottles
Gas Element

100 Cases of
24 One-Litre Bottles

Percentage
of Atmosphere

Nitrogen

75 cases

78%

Oxygen

21 cases

21%

Natural
Greenhouse Gases

1 case

1%

Water Vapour

23 bottles

0.95%

Natural
Greenhouse Gases
(excluding Water Vapour)

95 mL

0.039%

Anthropogenic
Greenhouse Gases

50 mL

0.0021%

Canada’s Anthropogenic
Greenhouse Gases

1 mL

0.00004%

Canada’s Emissions
Savings Under Kyoto

0.33 mL

0.00001%

Source: The University Corporation for Atmospheric Research, Author’s Calculations

It is also important to keep in mind that atmospheric
carbon dioxide concentrations are estimated to have
increased by about 100 parts per million by volume
since the beginning of the Industrial Revolution, or
from approximately 280 parts per million to 380 parts
per million.
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While the above table is indicative of the quantifiable insignificance of mankind’s carbon emissions
since the Industrial Revolution, it fails to take into
account the different aspects and roles of some gases.
For example, ozone only makes up 10 parts per million
within our atmosphere (compared to the 380 parts
per million of carbon dioxide), but it is necessary to
provide protection from solar radiation which causes
cancer, juvenile blindness, and the widespread death
of plants.
Understanding carbon’s place in the atmosphere
can be achieved by considering one of the simplest
pieces of empirical evidence against the case for man’s
contribution to greenhouse gases in the atmosphere.
Consider that at the beginning of the Industrial
Revolution in the 18th century, carbon dioxide made up
about 280 parts per million in the atmosphere, which
is around 586 gigatonnes. By the beginning of the
21st century, concentrations of carbon dioxide were at
380 parts per million, or 790 gigatonnes.
In 2006, anthropogenic greenhouse gas emissions
were estimated by NASA to be about 7.1 gigatonnes
per year; 5.5 gigatonnes from fuel burning and 1.6 gigatonnes from deforestation and other land-use changes.
While transportation currently accounts for only 14%
of the carbon dioxide emitted by burning fossil fuels
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around the world, this sector’s contribution to carbon
emissions is expected to double by 2050. On the other
hand, airplanes alone are expected to triple in emissions
contributions, eventually accounting for 3% of global
emissions by 2050. 2
Of the 1.6 gigatonnes of carbon emissions resulting
from deforestation and land use changes, an incredible
30% are from Indonesia and 20% from Brazil. On the
whole, of the 7.1 gigatonnes emitted into the atmosphere, only 3.2 gigatonnes actually remain there,
while the other 3.9 gigatonnes dissipate or settle in
oceans, and are absorbed by forests, soils, or living
creatures. 3
It’s also worth keeping in mind that about 1,000
gigatonnes of carbon are held in living creatures, while
a further 39,500 gigatonnes are held in the oceans, along
with 1,580 gigatonnes in the soils, and an unknowably
huge amount held deeper underground.
Knowing this, consider the fact that when there was
a 30% drop in man-made carbon dioxide emissions
from 1929-1932 (from 1.17 gigatonnes to 0.88 gigatonnes), the concentration of carbon dioxide in the
atmosphere did not even decrease by one part per
million.
2

Intergovernmental Panel on Climate Change, May 1999, “Aviation and the Global Atmosphere”

3

Lehman Brothers, February 2007, “The Business of Climate Change”
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Furthermore, the rise in CO2 in the atmosphere
since the beginning of the industrial revolution is
regarded as simply not enough to account for the temperature rise. To compensate, revised models depicting
anthropogenic climate change have been developed to
incorporate the role of water vapour, which potentially
amplifies the impact two to three fold.
Professor Jan Veizer says, “Neither atmospheric
carbon dioxide nor solar variability can alone explain
the magnitude of the observed temperature increase
over the last century of about 0.6°C. Therefore,
an amplifier is required. In the general climate models,
the bulk of the calculated temperature increase is
attributed to ‘positive water vapour feedback’.”
However, Tim Flannery in The Weathermakers
holds that water vapour is given due credit by many
scientists who believe climate change is man-made.
But he also admits that water vapour “contributes
more to our uncertainty of future climate change
prediction” than anything else. Dr. Flannery continues,
“Rather than being the sole agent responsible for
climate change, carbon dioxide acts as a trigger for
that potent greenhouse gas, water vapour. It does this
by heating the atmosphere just a little, allowing it to
take up and retain more moisture, which then warms
the atmosphere further.”
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As far as biodiversity goes, every invertebrate
creature relies on carbon dioxide as a building block
of life. When living beings first began developing
skeletons, the primary source of material for their
bone structures was carbon dioxide dissolved in the
oceans.
There is a fascinating theory developed by Andy
Ridgewell, a researcher at the University of Riverside,
which claims that the commonplace development of
bone structures by shell-forming plankton 300 million
years ago led to an equal distribution of carbon
throughout the oceans, as opposed to the previous
situation where the world’s carbon was located almost
exclusively along continental shelves. 4
With this in place, cooling periods remained brief.
According to the study, before there was a greater
distribution of carbon in the oceans, a lack of solar
radiation could cause an ice age by freezing the continental shelves and all the life that inhabited them,
which would break the carbon cycle and therefore cool
the planet.
In addition to the development of boney organisms, the evolution of trees, grasses, and coral reefs
resulted in massive amounts of carbon being stored
4	Science Magazine, October 31 2003, “Carbonate Deposition, Climate Stability, and Neoproterozoic
Ice Ages” Andy J. Ridgewell, Martin J. Kennedy, Ken Caldeira
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underground or on the Earth, rather than in the air.
But still, the vast majority of carbon is stored in the
oceans, where it gives way to many life forms of all
evolutionary stages. In fact, the North Atlantic is such
a carbon sink that it is estimated to have absorbed
20% of all anthropogenic carbon since the Industrial
Revolution.
For the oceans to absorb carbon dioxide, however,
the gas must undergo a process called the “Revelle
Factor,” in honour of its discoverer, who also happened
to be Al Gore’s original environmental mentor and
teacher. The Revelle Factor is the resistance of the
surface of the ocean to the absorption of atmospheric
carbon dioxide. Simply put, before the gas can be
absorbed in the oceans, carbon dioxide must break into
carbon ions, bicarbonate ions, carbonic acid, sodium
bicarbonate, and other ionic compounds.
As an excess of carbon dioxide builds in the
oceans, the water becomes more acidic and thereby
loses its ability to absorb greenhouse gases. This has led
some scientists to estimate that by the 22nd century, the
oceans will absorb 10% less carbon dioxide than they
currently do. In fact, while in the 1990s the oceans were
absorbing less than 1.6 gigatonnes of carbon per year,
in the 1980s they absorbed over 1.8 gigatonnes. 5
5

Intergovernmental Panel on Climate Change, 2007, “Fourth Assessment Report”
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Martin Hertzberg, former U.S. Navy meteorologist and astrophysics consultant, has shown that for
the last 750,000 years, changes in the concentration of
carbon dioxide have lagged behind global temperature
increases by 800 to 2,600 years. His theory is that the
world warms from other causes, like solar radiation,
and thereby causes the oceans, which contain 100 times
more carbon dioxide than the atmosphere, to warm and
emit huge amounts of the greenhouse gas.
This theory can be understood easily by remembering that a cold can of pop holds the gases which
make it carbonated longer than a warm can; this is
why warm pop becomes “flat” quickly, just as warmer
oceans will release the carbon which they had stored
during colder periods.
In short, says Habibullo Abdussamatov, head of the
Pulkovo Astronomical Observatory in St. Petersburg,
“It’s no secret that increased solar irradiance warms
Earth’s oceans, which then triggers the emission of
large amounts of carbon dioxide into the atmosphere.
So the common view that man’s industrial activity is
a deciding factor in global warming has emerged from
a misinterpretation of cause and effect relations.”
Regardless of mankind’s role, there is no questioning the fact that the carbon dioxide concentrations
in the atmosphere increased 21% in the latter part of
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the 20th century. But Syun-Ichi Akasofu, director of the
International Arctic Research Centre of the University
of Alaska Fairbanks, says that carbon dioxide probably
doesn’t affect the climate in the first place.
Dr. Syun-Ichi recently explained, “There is clearly
a linear increase of temperature from about 1800 based
on last year’s ice-core data. Roughly the same linear
change in temperatures extends back to the earliest
records, going back to about 1660, even before the
Industrial Revolution.”
His conclusions: “The Earth may still be recovering from the Little Ice Age,” and, “Contrary to the
statement by the UN’s Intergovernmental Panel on
Climate Change in its 2007 Report, it is not possible to
say with any confidence that the rise [in temperature]
after 1975 is mostly caused by the greenhouse
effect.”
An alternative scientific hypothesis regarding
the insignificance of carbon in causing climate change
pertains to a sort of domino effect. In a recent report
detailing the Business of Climate Change, Lehman
Brothers retained John Llewellyn, a senior economic
policy advisor, to explain the aspects of climate
change. 6
6

Lehman Brothers, February 2007, “The Business of Climate Change”
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Dr. Llewellyn notes that there are many “positive
feedback mechanisms,” or snowball effects, which
increase carbon dioxide concentrations and subsequent
climate change. He believes the main known positive
feedback mechanisms include:
	Melting

of the permafrost, which exposes
organic matter that then decays, releases methane
and carbon dioxide. Preliminary estimates put
methane emissions from thawing permafrost at
around 0.5 to 1.0 gigatonnes of carbon per year;

	As

the atmosphere warms, the amount of water
vapour it can hold rises. Because water vapour is
an active greenhouse gas, this multiplies the effect
of warming;

	Rising

temperatures and changes in weather
patterns, particularly rainfall patterns, are thought
to damage the ability of the Earth’s natural sinks
– the oceans, forests and soil – to absorb carbon
dioxide;

	As

surface water temperatures increase, the ability
of the ocean to remove carbon dioxide from the
atmosphere increases;

	Ocean

acidification, the result of dissolved carbon
dioxide, weakens the carbon dioxide absorption
organisms.

Naturally, the lack of attention paid to these feedback mechanisms has skewed the model results of
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climatologists for years. One can assume that there
are feedback mechanisms for both climate change
camps to study further, with some influencing world
temperatures and others causing greater stresses.
An important conclusion to draw from this
chapter is the significance of greenhouse gases in
relation to the overall composition of the Earth’s
atmosphere. Nitrogen and oxygen represent 78% and
21% respectively, with water vapour making up most
of the balance, leaving naturally occurring greenhouse
gases (excluding water vapour) at 0.039% and manmade greenhouse gases (carbon dioxide, methane,
nitrous oxide and fluorinated gases) considerably
smaller at 0.0021%.
When we talk of Canada’s greenhouse gas emissions having increased by 27% over the past fifteen
years, this certainly commands attention. Contrast this
to stating that Canada’s emissions grew from 0.00004%
to 0.000052% of the Earth’s atmosphere. Many would
then be less alarmed.
This is not to suggest that individuals, corporations
or any countries should condone increasing emissions,
and in particular noxious health-threatening pollutants,
but rather that it is important to keep the carbon issue
in perspective when assessing the consequences of
some of the remedies being proposed.
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Receding Ice and Rising Oceans

XI

Polar events are tectonic in nature, being slow and powerful.
– Michael Donnely

P

eople are simply drawn to the oceans, and where
this is not possible, large lakes and river banks.
This chapter focuses on the oceans and the condition
of the polar ice caps. The next chapter will deal with
the impact of climate change on the deteriorating state
of the Earth’s fresh water supplies.
In 2006, 10% of the world’s total population lived
on land that is less than ten metres above sea level.
Furthermore, two-thirds of humans currently live
within 80 kilometres of a large body of water. It is
therefore quite safe to say that water is still considered
to be the most influential and important life-giving
element on Earth.
Asia as a continent has the highest proportion
of coast-dwelling people, and is therefore the most
at risk from rising sea levels. Indeed, one third of the
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world’s low elevation costal zones are found in Asia,
where almost three-quarters of the population lives.
In China alone, over 17 million people moved
to costal zones between 1995 and 2000, bringing the
total to 127 million people living within ten metres of
the sea level. In India, 63 million people live at low
coastal elevations, while in Bangladesh the number
is over 53 million.
Approximately 15,000 years ago the oceans were
100 metres lower than they are today and there existed
a much thicker ice cap around each pole. Scientists
presume that oceans rose worldwide when the water
stored in the ice caps melted, although other factors
may have been the cause, such as continental shifts
and a rising ocean floor.
Somewhat off-topic but certainly of interest
is Tsar Nicholas II’s plan over 100 years ago to relink Asia and North America over the then-shallow
waters of the Bering Strait, where the ancestors of
Native Americans travelled across by foot eons ago.
The bridge project was much talked about but never
started. However, several governments are now
considering a 100 km tunnel between the continents.
Also of interest, especially to historians, is the
significance of northern ice in the development of
world history. Most of Greenland is currently covered
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by a very thick block of ice, and what isn’t covered
by ice is Arctic tundra, leaving only about 15% of the
world’s largest island habitable. Recently, however,
a team of international scientists found evidence
indicating that within the past 800,000 years Greenland was a lush forest with a variety of insects and
other fauna.
“We have shown for the first time that southern
Greenland, which is currently hidden under more
than two kilometres of ice, was once very different
to the Greenland we see today,” said Eske Willerslev,
a bio-archeology fellow at the University of Copenhagen. According to the researchers, average summer
temperatures would have been above 10°C, while
winter temperatures would not have dropped below
-17°C. 1
If the forests and pleasant temperatures had
been constant in Greenland, world history would
have changed significantly. The arrival of Norse
settlers 1,000 years ago on the island would have been
followed by a flood of European settlers, 500 years
before Columbus “discovered” the Americas. But
because the temperatures were bitter and unpleasant
when the Vikings arrived, only a few stayed for 400 or
so years, launching brief expeditions to what is now
1

University of Cophenhagen, July 5 2007, “Fossil DNA illuminates life” Gertie Skaarup
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Newfoundland, before either perishing or leaving to
search for more hospitable places to live. While not
clearly related to the issue of modern climate change,
this example does show both mankind’s reliance on
the weather, as well as the importance of ice.
On another note, ice is particularly important to
the Earth’s climate in reflecting sunlight back into
space, thereby keeping the atmosphere relatively
cool. On average, the Earth reflects about 30% of the
sunlight that hits it. This reflecting is a key part of
keeping the world’s temperatures habitable. Ice is
more effective than other surfaces, as it reflects 90%
of sunlight, while water reflects only 10% at most.
Therefore, the Arctic ice diminishing will be a huge
factor in causing the Earth to become slightly warmer
over several decades.
The Arctic is principally a sheet of floating ice
with an average thickness of less than five metres.
It is not an accumulation of snow on top of a solid land
mass, but is in effect an iceberg with nine-tenths of its
form lying underwater. Therefore, it does well to keep
in mind that while the current melting of the ice cap
in the Arctic would endanger countless species and
ecosystems, it would not raise sea levels any more
than a melting ice cube in a cup of water.
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One can comprehend the thinness of the Arctic
ice cap courtesy of the U.S. Navy. During the Cold
War, television images proudly displayed nuclear submarines breaking through ice at the North Pole. The
public was encouraged to think of the U.S. Navy’s
military might, but not of how relatively thin the layers
of ice are around the northern polar region.
The extraordinary ice conditions in recent years
in the eastern Arctic have led to huge cracks and large
areas of open water. Changing world climate conditions are blamed for this as well as for the breaking
off of the Ayles Ice Shelf from Ellesmere Island. This
occurred in December 2006 when a 66 km3 block of ice
over 40 metres thick separated itself from the island.
The Arctic ice loss also appears to be accelerating;
in 1996 about 96 km3 of ice were lost, while in 2005
the loss escalated to 220 km3. 2
More dangerous to the continued melting of the
Arctic ice cap is the condition of the perennial sea
ice, which typically expands in the winter and only
partially melts through each summer. Normally, perennial
ice is three to five metres thick, although now it is being
replaced by strictly seasonal ice only 0.3 metres thick.
2	University of Kansas Center for Remote Sensing of Ice Sheets, NASA, February 16 2006, “Greenland
Ice Loss Doubles in Past Decade, Raising Sea Level Faster”
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Between 2004 and 2005 alone, the perennial sea
ice was found to have shrunk by 14%, 18 times the rate
of the several previous years. If this trend continues,
the Arctic is expected to have ice-free summers by
2040. Overall, it is estimated that approximately
20 billion tonnes of fresh water are added to the oceans
each year, with melting ice caps being the largest
contributing factor. 3
The importance of melting ice in the polar regions
is noted by Luke Copland, an arctic researcher at
the University of Ottawa: “The Arctic is warming at
a much faster rate than the rest of the world is warming.
The hope is that if we can understand how things are
changing up here, then that will tell us how things
will change in the rest of the world a few years
down the road. This [Ayles Ice Shelf] is part of that
continuing loss. It seems pretty clear that it is related to
climate warming.”
The rate at which ice breaks off is of particular
interest. In late 2006 it was reported that 90% of the
northern ice shelf had been lost. According to Martin
Jeffries of the University of Alaska, these intermittent
events have been occurring since the ice shelves were
first mapped in 1906.
3	Geophysical Research Letters, December 12 2006, “Future Abrupt Reductions in the Summer Arctic
Sea Ice” Marika Holland, Cecilia Bitz, Bruno Tremblay
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Dr. Jeffries published several papers explaining
that, since 1906, although 60% broke off in the first
56 years (slightly over 1% per year), only 30% did
so in the following 44 years (0.67% per year). This
deceleration in the loss of ice is confounding, considering that many scientists are labelling the loss of ice
as a “sentinel of climate change.”
James Hansen, head of the climate science
program at the National Aeronautics and Space
Administration’s Goddard Institute for Space Studies
and professor at Columbia University, believes that
if anything, we have grossly underestimated the
potential for ice to melt in a changing climate.
Professor Hansen explains, “If we follow ‘business-as-usual’ growth of greenhouse gas emissions,
I think that we will lock in a guaranteed sea-level rise
of several metres, which, frankly, means that all hell
is going to break loose.” He believes that feedback
mechanisms, which compound the effects of melting
over time, have been underrated by scientists at the
IPCC and other institutions.
Professor Hansen emphasizes, “There is a pressure
on scientists to be conservative. Caveats are essential
to science. However, in a case such as ice-sheet
instability and sea-level rise, excessive caution also
holds dangers. We may rue reticence if it means no
170

Ice Cold Facts
action is taken until it is too late to prevent future
disasters.”
On the other hand, Richard Peltier, director of
the Centre for Global Change Science, says Professer
Hansen’s “basic thesis is undeniable, because the
mathematical models, which we have developed to
describe the evolution of the ice sheets, do not include
certain processes that control how quickly an ice sheet
could respond to climate warming.” However, warns
Dr. Peltier, “We really don’t know what the future has
in store. I am incapable of predicting how fast the ice
sheets will melt, and so is [Professor Hansen]. But
I don’t think we’re going to hell in a handbasket.”
Lorne Gunter, a columnist with the National
Post, takes little time to tactfully dismiss the claims of
scientists like Professor Hansen, but instead draws
a conclusive analogy. He says, “You can be assured of
being the fastest sprinter in history of you’re permitted
to stop timing your dash ten metres short of the finish,
just as you can claim any year is warmer than the ones
before it if you make that prediction based on just
eleven months of data, particularly if the 12th month
is one of those wintry ones, like December.” 4
Mr. Gunter explains that many scientists researching the ice in the Arctic and Antarctic have made the
4

National Post, September 18 2007, “The (not so big) melt” Lorne Gunter
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fallacy of overlooking past anomalies in the amount
of ice at the Poles. He explains, “Roald Amundsen
navigated the Northwest Passage in 1905 in a wooden
sailboat with a crew of just seven. The passage was
sufficiently ice-free that year for a little craft to make
it through with little ice-breaking capacity.”
Similarly, in 1944 a Canadian RCMP patrol boat
was the first to sail through the passage in a single
season, and in 1817, barely after the advent of the
Industrial Revolution, the Royal Society reported
to the British Admiralty, “The cold that has for
centuries past enclosed the seas in the high northern
latitudes in an impenetrable barrier of ice has been
during the last two years greatly abated.”
While none of these experts should be labeled as
radicals for or against acting on climate change, reading
their extreme views greatly helps in evaluating
the issue for the sake of forming an intelligent and
comprehensive opinion. Other methods of measuring
and evaluating the impact of global warming in the
world’s polar regions should be discussed in forming
such an opinion.
Disappearing seasonal ponds are also indicative
of the Arctic’s changing geography. For thousands
of years, big and small ponds have formed each
summer on the tundra of Ellesmere and other islands.
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John Smol, a top Canadian Arctic climate researcher
from Queen’s University, was shocked to find that
for the first time in 24 years, seven of the 40 ponds
he monitors were dried up. The ponds are allegedly
disappearing because the permafrost which they sit
upon is melting, allowing the water to seep into the
soil.
Professor Smol also found that water chemistry
has changed in recent years, due to evaporation
leaving higher concentrations of salt in the ponds that
remain, similar to how a pot of soup grows saltier
as the volume of liquid decreases. Moreover, the
Arctic ponds will soon become net producers of carbon
emissions, because instead of fostering plant growth
(which draws carbon out of the atmosphere), they are
experiencing plant decay.
Professor Smol first warned that the ponds were
slowly disappearing in 1994, when he wrote in a controversial paper that the ecological changes of the ponds
were in step with observed global climatic changes.
“Not a lot of people believed it,” says his partner
Marianne Douglas, who is a director of the University
of Alberta’s Canadian Circumpolar Institute. “I think
we are at a tipping point. We never expected the ponds
to dry up so soon. Changes are happening now and we
have to move.”
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Professor Smol believes that the ponds bear
a cryptic warning for the rest of the planet. “In the
past, researchers like us have sometimes been accused
of being alarmist when we discussed climate warming. We now think we have been overly optimistic –
the speed and magnitude of environmental changes
are worse than even we imagined.” Furthermore, he
says, “Typically what happens in the Arctic is an early
warning of what’s going to be happening in other
places soon. What happens there affects us all.”
Another problem related to warming in the Arctic
is the melting of permafrost, which both damages
ecosystems and releases greenhouse gases into the
atmosphere. Indeed, carbon dioxide frozen inside the
permafrost could account for over 800 gigatonnes,
a massive amount compared to humanity’s annual
emissions of only seven gigatonnes. Indeed, one region
of western Siberia is said to contain 70 billion tonnes
of methane alone. 5
While the continued deterioration in the quantity
of ice in the Arctic is a concern, significant melting
in Antarctica would be a much more serious threat.
If the entire Antarctic ice cap melted, sea levels would
rise by over seven metres world wide. This is because
Antarctica is a large land mass covered in some places
5	Sprott Asset Management, 2006, “Investment Implications of an Abrupt Climate Change”
Eric Sprott, Kevin Bambrough
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with four kilometres of compacted snow and ice.
Incidentally, the Antarctic region is covered in about
the same amount of snow and ice as the Martian
polar regions, which would submerge all of Mars by
eleven metres if they ever melted.
A recent study by the Scripps Institute of Oceanography found that there are massive lakes stretching for
hundreds of square kilometres under the Antarctic
ice. According to the researchers, the most reasonable explanation for these bodies of liquid water is not
global warming or increased intensity in the Sun’s rays,
but rather the slow release of geothermal energy. 6
However, temperatures at the South Pole have
actually cooled since 1957, when the U.S. established
a station there. With different temperatures in different
places, it is difficult for scientists to create a meaningful continent-wide average, let alone a global average
temperature.
The same applies to the Arctic, where temperatures over Greenland have been cooling since
measurements were first taken several decades ago.
Nonetheless, Greenland appears to be losing 20%
more peripheral mass each year than it receives from
new snowfall.
6	Scripps Institute of Oceanography, February 15 2007, “Study Finds Subglacial Water in West Antarctica
Considerably More Active Than Previously Observed”
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Also of interest is the fact that in another part of the
Southern Hemisphere ice fields are melting at a rate fast
enough to marginally raise sea levels. The Patagonian
ice fields, which happen to be the largest temperate
blocks of ice south of the equator, are releasing enough
water per year to raise sea levels by approximately
0.1 mm per year. While of concern, this, however, may
only be a temporary trend.
Duncan Wingham, a member of the National
Environment Research Council and director of the
NERC Centre for Polar Observation, proved that
thickening and thinning trends in Antarctic ice are
common. Having surveyed 72% of the continent’s ice
sheets, he found the ice to be thickening by 4 mm to
6 mm per year, meaning the ice fields will actually act
as a water-trap and lower overall “global sea levels
by 0.08 mm per year.”
While the Antarctic has enough water behind
it to raise global sea levels by six to seven metres,
relatively insignificant melting will likely occur before
2050, and it could take thousands of years at current
warming rates for all of the ice to melt.
But even if coast-dwellers around the world are
not at risk of massive floods from rising oceans caused
by the Antarctic ice cap melting, the shrinking of icy
peninsulae will harm the biodiversity of many eco176
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systems. Krill, a small shrimp-like fish, live under the
ice and are eaten by both mammals and bigger fish.
Without ice, the krill die, which leads to famine among
other Antarctic creatures. The same applies in the
Arctic, but with different species at risk.
An interesting, and certainly controversial,
discovery was made in early 2007 by a group of U.S.
researchers in the Arctic regarding the contribution of
snow to global warming. According to their report,
“Snow becomes dirty when soot from tailpipes, smokestacks and forest fires enters the atmosphere and falls
to the ground. Soot-infused snow is darker than natural
snow. Dark surfaces absorb sunlight and cause warming,
while bright surfaces reflect heat back into space and
cause cooling.” 7
These researchers concluded that 80% of the soot
found in the snow in the polar regions is man-made,
while only 20% is due to natural causes such as forest
fires and volcanic eruptions.
A further NASA study on the same phenomenon
found that dirty snow in the world’s polar regions is
probably responsible for 0.1°C to 0.15°C of the 0.8°C
increase of average global warming over the last
200 years. Furthermore, they found that of the 1.6°C
7	Goddard Institute for Space Studies, January 30 2007, “NASA Probes the Sources of the
World’s Tiny Pollutants”
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rise in Arctic temperatures, dirty snow is responsible
for at least 0.5°C.
The NASA report stated, “In some polar areas,
impurities in the snow have caused enough melting to
expose underlying sea ice or soil that is significantly
darker than the snow … [which] absorb sunlight more
rapidly. This cycle causes temperatures in the polar
regions to rise as much as 3°C during some seasons.”
Whether we concern ourselves with the damage
being done to ecosystems or the prospect of simply
losing the natural heritage of the Arctic and Antarctic
ice caps, the great melt occurring at the North Pole
should be of concern as it is clearly indicative of
a changing climate. But the question still remains:
What is causing our climate to change?
Interestingly, the answer may lie in the ice itself.
Although the methods for evaluating carbon levels
within ice are controversial and regarded as unreliable
by some distinguished scientists, an international team
of researchers led by Laval University has explored
a block of ice in northern Quebec which may yield
more legitimate results than previous ice core
samples.
The ice is found in the Pingualuit Crater on the
Ungava Peninsula near Hudson Bay. It was formed
1.3 million years ago when a meteorite hit the Earth
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with the force of 8,500 Hiroshima atomic bombs.
The crater is so large and deep that it was used in the
Second World War by pilots as a landmark. As one
of the deepest lakes in North America, the Pingualuit
Crater is expected to yield samples of ice containing
organic matter from many eons ago. 8
Indeed, earlier this year the Laval University team
extracted a nine-metre sediment core from the depths
of the crater containing fossils of pollen, algae, and
insect larvae. They expect this will provide them with
information dating back to the last interglacial period,
120,000 years ago.
While researchers are hoping for groundbreaking results, ice is only one of many sources of
interpretive data for climate scientists. The scientific
community will no doubt continue searching for new
sources of information and more reliable methods for
interpreting their findings. With greater acceptance
that dissenting opinions are valuable, and not necessarily detrimental to the pursuit of scientific truth,
this additional knowledge should expedite the search
for the causes of climate change.

8

Globe and Mail, May 25 2007, “Quebec crater is out of this world” Ingrid Peritz
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A Future Cause for Conflict

XII

Humans have always diverted, accumulated, hoarded and misused water.
– Marq de Villiers

T

here is probably no group more interested in the
debate on global warming and its potential impact
on weather patterns than those who live in rural areas
farming the land. Farmers become accustomed to
their own climates and learn to predict rainfall to time
the planting of their corps, since water is absolutely
essential to germinating their seeds and keeping their
crops alive.
The debate around global warming has magnified
the concerns of the agricultural sector over its water
supplies. There are many claims that aquifers are
declining, rivers and streams drying up, and snowpacks melting, while in other areas floods and storm
damage are wreaking havoc.
Although global warming is likely a cause for
concern over the future availability of fresh water
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and changing rainfall distribution around the world,
population growth and the subsequent increase in the
demand for fresh water will also be raising concerns.
Much of the human usage of water is wasteful, and
since this book encourages conservation of the world’s
resources, this chapter briefly discusses the supply and
use of fresh water and some of the future issues likely
to arise should climate conditions continue to change.
Aside from the agricultural community, the subject of fresh water tends to capture the imaginations
even of those with little interest in the environment,
because, like food and oxygen, fresh water is essential
to human survival. Too much leads to floods with
people drowning and the loss of farmland, while too
little causes droughts and famines.
Even Aeschylus, the Ancient Greek tragedian,
recognized the importance of good water when he
wrote, “By polluting clear water with slime, you will
never find good drinking water.” 1
Since fresh water is an essential ingredient for
animal, human and plant life, it is not surprising that
many wars and territorial disputes have been fought
over access to water supplies.
1

Aeschylus, Eumenides
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Furthermore, because of its essential nature, the
lack of fresh water has been an important factor in
limiting population growth in certain regions and even
countries as a whole.
North Americans consume at least five times as
much fresh water as citizens of China and India. As
these countries improve their standards of living, their
water requirements clearly rise, placing restraints on
their economic and societal ambitions. 2
Given the rapid economic growth of China
and India and the large sizes of their populations,
it is virtually certain that the world’s consumption of
water for domestic, industrial and agricultural use will
dramatically escalate in the near future.
At the same time there are other forces at work
which could compound the problem. For example,
there is a general agreement that should global warming continue, the areas which currently receive plenty
of rainfall will receive more, while drought-prone
areas will become even drier. This development will
cause profound dislocations within North America and
around the globe as countries make demands for the
sharing of fresh water resources.
Growing agricultural crops, and especially fruits
and vegetables, consumes an enormous amount of fresh
2	International Food Policy Research Institute, 2007, “Global Water Outlook 2025: Averting an
Impending Crisis”
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water. As a result, developing countries with limited
water supplies will likely place a greater demand
on countries such as Brazil, which have abundant
supplies of water, sunshine and fertile soils, to supply
an increasing proportion of their food requirements.
In the U.S., California has been a major supplier
of fresh vegetables and fruits to many parts of the
world. However, its water resources are limited and
expected to decline commensurate with the decline in
water tables throughout the state.
The snow pack previously relied upon by 75% of
western fruit-producing states in the U.S. is on average
60% less bountiful than thirty years ago. There is also
insufficient storage capacity to hold water from the
spring snow melts which are coming earlier and over
fewer months. This will necessitate water restrictions
in the future which could severely harm the agricultural industries of these states. Furthermore, for every
0.1°C increase in temperature per decade, snow packs
are expected to deplete by 10% to 25%.3
Canada is fortunate to have an abundance of clean
fresh water, representing nearly 15% of the world’s
supply. However it jealously guards this resource,
refusing to consider the construction of pipelines to
flow water to California or the midwest states.
3	Pacific Institute for Studies in Development, Environment, and Security, November 2001, “Threats to
The World’s Freshwater Resources”
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Notwithstanding Canada’s aversion to assisting
the U.S. by exporting surplus water, it ranks together
with Australia and Argentina as one of the only
countries which effectively exports more water than it
consume for domestic purposes.
In 2006, Canada exported approximately $27 billion of agricultural products to the rest of the world
and imported $22 billion, generating a $5 billion
agricultural trade surplus. However, Canada has an
agricultural trade deficit with the U.S. because it
imports more fresh fruit and vegetables than the quantity exported. Yet Canada is not prepared to provide the
U.S. with the necessary fresh water supplies to grow
these additional food stuffs.
Consider that water represents nearly 80% of the
weight of peas, peaches and potatoes. Celery, lettuce
and strawberries have a water content of more than 90%
by weight. In addition, large quantities of water are used
in the process of growing these crops. The net result
is that the U.S. uses more than 80% of the fresh water
it consumes to produce food.
With regard to grain products, there is an increasing demand for water, which is needed to produce
feedstock for animals as well as for the manufacturing
of ethanol. It takes as much as 1,000 tonnes of water to
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produce one tonne of grain. Sugar cane is only slightly
better, requiring 600 to 800 tonnes of water to produce
one tonne of cane. 4
It is difficult to see how a country such as China,
with its increasing demands for fresh water for human
use and consumption, will in the future be able to
produce agricultural crops on a competitive basis.
India is in a comparable position, and perhaps more
exposed to drought, should the snow melts from the
mountains along its northeastern borders decline. This
places Brazil and Argentina in an enviable position as
they have ample water resources, not to mention their
vast fertile agricultural lands.
Canada’s competitive position in the agricultural sector will probably strengthen significantly if
the trends in global warming continue. The growing
season will expand, enabling better use to be made of
its agricultural lands and its virtually unlimited water
resources.
In any event, the time is fast approaching when the
U.S. will increase pressure on Canada to flow water its
way, in an amount at least equivalent to that used to
produce the foodstuffs Canada imports from the U.S.
This is a substantial amount of water, but a small
percentage of Canada’s available water resources.
4	Earth Policy Institute, 2006, “Trade: Water Scarcity Crossing National Borders” Lester R. Brown
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These resources include the Great Lakes, which
are shared by Canada and the U.S., with their common
border running through the middle of Lake Superior,
Lake Huron, Lake Erie and Lake Ontario. These lakes,
together with Lake Michigan, represent the world’s
largest interconnected body of fresh water, containing
about one-fifth of the fresh water on Earth (excluding
the Antarctic). Ninety-nine percent of the water in the
Great Lakes is considered a legacy of the last ice age
and is basically non-renewable, with only about 1%
being replenished each year through rainfall which is
offset by evaporation and outflows. 5
Lake levels are currently in an extended down
cycle with Lake Superior approaching the previous
record low set in 1926. Water temperatures have risen
2.5°C since 1979, which together with less ice cover
in the winter months has led to greater evaporation,
leaving the lake 54 centimetres below the average
level for the past century. The lower level of the lakes
represents the loss of a vast amount of water, and
whether attributable to climate change or not, will
increase the sensitivity of Canada agreeing to the
transfer of water to the U.S.
Historically, countries have been conscious of
maintaining sovereignty over their water resources
5

Globe and Mail, September 2007, “The Great Lakes’ Disappearing Act” Martin Mittelsteadt
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to ensure their ability to cultivate adequate food
supplies. Perhaps this will be less so in the future, as it
is inconceivable that any civilized country would deny
another access to the surplus food it produces.
To illustrate this latter point, Unesco recently
reported that the Netherlands is satisfied to depend
on foreign water resources for 95% of the water
consumed inside the country by its own inhabitants
for agriculture and domestic purposes. A complicating
factor is that fresh water is significantly under-priced
to the general population in virtually every country.
This is partly due to most people believing that it is
their right to have fresh water supplied to their homes
at minimal or no cost.
As the worldwide demand for water increases to
support the production of agricultural crops, including
corn and sugar cane for the manufacturing of ethanol,
water will probably be re-priced and eventually set at
the marginal cost of delivering it to a particular place
at a particular time. In short, the laws of supply and
demand will prevail even for an essential element like
water.
Corporations, farmers and individuals should,
however, be able to absorb higher costs for water
supplies, in much the same way as oil price increases
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have been absorbed over the past 25 years – from $5 to
$80 per barrel – without crippling consequences.
An extreme analogy of the relevant economic
factors at play in a water deprived world is the willingness of someone suffering from thirst in a desert being
more than willing to exchange a handful of jewels
for a bottle of water.
On the other hand, the potential supply of fresh
water is virtually unlimited. With each increase in the
price of fresh water, the amount which can be profitably purified and delivered for consumption increases
disproportionately.
Practically, however, the maximum price of water,
like other basic commodities, reflects the cost of processing and transporting it to the location where it is
needed. This may involve the movement of icebergs
to the Middle East or the delivery of fresh water from
the Antarctic by tankers to ports throughout the world.
Incidentally, a recent World Bank study calculated
that approximately 90% of the world’s fresh water
is locked in Antarctica’s thick ice caps. This is
equal to nine times the amount of water in the Great
Lakes, power storage dams, hundreds of thousands
of streams and lakes, the Amazon, Congo, Nile and
Ganges Rivers combined. 6
6

World Bank, December 13 2006, “Growth Prospects are Strong”
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Based on current technology and transportation
costs, the price of fresh water is unlikely to exceed the
cost of manufacturing it through thermal desalinization
of ocean water and the transportation costs to its
required destination.
Removing salt from ocean water has already
become a major industry, from which Goldman Sachs
generated significant revenues in 2006. There are
approximately 12,000 desalinization plants operating around the world, with 53% located in the Middle
East. The production of fresh water by these means
is projected to increase to 70 million cubic metres per
day by 2015, nearly double current levels. 7
Energy prices are a major cost factor in operating
thermal desalinization plants, other than in the Middle
East, where natural gas prices are low and can be used
to provide cheap energy to produce fresh water.
Reverse osmosis plants, which use semi-permeable membranes to remove the salts, are reported to
produce water at a cost of 60 cents to $2.00 per cubic
metre, depending on the size of the plant.
In theory, the world should never be short of fresh
water as the current supply of ocean water is more
than 300 times the amount of water in lakes, dams or
7

New York Stock Exchange Magazine, First Quarter 2007, “The Seawater Solution” Mark Yarm
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flowing in streams and rivers, excluding the Antarctic
ice pack. Therefore, providing the world with fresh
water will not be a question of supply, but rather
of affordablity and what people are willing to pay.
While the technology is being advanced to purify
ocean water for human and agricultural uses, its costs
are, and will nevertheless be, considerably higher than
most people are accustomed to paying. However, this
can change rapidly depending on the impact of climate
change on agriculture, demographics and the mobility
of populations.
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In Good Company:
Private Sector Embracing
Clean Market Mechanisms

The environmentalists ask for immediate political action because they
do not believe in the long-term positive impact of economic growth
and the proven fact that the higher the wealth of society,
the higher is the quality of the environment.
– Vaclav Klaus

M

ost companies have realized that the costs
associated with pollution will continue to rise and
that emission regulations will inevitably be imposed
on them by governments. Some of them also believe
that if they prepare themselves properly, they will find
attractive opportunities to apply these regulations to
their businesses in a profitable way.
Nobody would be surprised to learn that in 2006
the David Suzuki Foundation purchased sufficient
carbon credits (about $3,500, or 150 tonnes, worth)
to make up for all of the emissions it produced
throughout the year. The money was used to fund the
Mallavalli biomass power station in Mysore, India,
which plans on running a power plant fueled by sugar
cane waste from small farmers in the area.
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Many would, however, be surprised to learn that
a Globe and Mail poll taken early in 2007 indicated that
nearly two thirds of Canada’s leading business executives supported the notion of introducing a carbon
tax to achieve emissions reductions. 1 This is indicative of the understanding of the importance of carbon
regulation by Canada’s top executives and reflects the
fact that at least 40% of the companies listed on the
Toronto Stock Exchange by market capitalization will
be directly affected by carbon pricing.
This encouraging fact shows that corporate
attitudes towards climate change are becoming more
conscious and open to suggestions for environmental
improvement. Leon Bitton of the Montreal Exchange,
which is developing a carbon credit trading system,
says, “Once the regulations are known, then each
company will start doing the number crunching with
regard to the risks they are exposed to.”
Canadian firms are beginning to make themselves
known as movers and shakers in the race towards
sustainable production and development. This is true
both for the companies that are supporting carbon
emissions offsets, as well as those actively reducing
their overall environmental impact.
1

Globe and Mail, January 29 2007, “Environment trumps economy, poll suggests” Bill Curry
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The Canadian Manufactures and Exporters
(CME) is a good example of this trend. Jayson Myers,
president of the CME, recently reported that overall
greenhouse gas emissions by Canadian manufacturers
are now 9.3% below 1990 levels, well beyond Canada’s
Kyoto Protocol commitment of 6% below 1990
levels by 2012. Mr. Myers adds that the aluminum,
steel, chemical, and paper manufacturers are even
better than this average, having cut emissions overall
to 20% below 1990 levels between 1990 and 2005.
In favour of voluntary action to mitigate industry’s
detrimental affect on the natural environment,
Mr. Myers says, “We need to encourage continued
investment in technology and processes that reduce
greenhouse gasses. We don’t need onerous or complicated regulations that are costly to implement
and distract manufacturers from the good work they
are doing.”
More impressive and indicative of Canadian
industry’s strong commitment to ecological preservation and improvement is the recent declaration of the
Canadian Council of Chief Executives (CCCE), led
by Thomas d’Aquino. The foresight and commitment
of the CCCE’s “Clean Growth: Building a Canadian
Environmental Superpower” sets a precedent for
business attitudes towards mitigating carbon emissions.
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The commitment of so many business leaders, and
their expressed desire to cooperate with government
legislators to find an appropriate balance of free market
signals and government interventionism, can only be
accepted as beneficial to society’s progress towards
sustainable practices.
The CCCE declaration is also optimistic about
Canada’s climate change-mitigating abilities. At the
beginning, the CCCE declaration outlines, “The scale
of the challenge is enormous, but it offers immense
opportunities for Canada. We believe that Canada is
uniquely positioned to demonstrate leadership within
this international process, but first we need to hammer
out a consensus on the most effective strategy for our
country to pursue at home.” 2
The declaration goes on to outline “five key propositions about how best to move forward as a country
from where we stand today,” which include: A national
plan that “sees governments, industry, and consumers
working together”; technology development and the
investment in new technology; targets and investment “framed within a policy environment that keeps
companies healthy and profitable”; price signals and
market mechanisms to cut carbon emissions; and
Canadian leadership around the world.
2	Canadian Council of Chief Executives, September 2007, “Clean Growth: Building a Canadian Environmental Superpower”
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The declaration was signed by executive officers
from GE Canada, Petro-Canada, Ultramar, Canadian
Oil Sands Limited, Dow Chemical Canada Inc.,
Imperial Oil, Bruce Power, and many others representing renewable and fossil fuel energy companies,
as well as technology and manufacturing firms. The
collaboration and commitment of such a diverse group
of executives, who have united under the common
theme of business and ecology, is encouraging to the
environmental movement.
Similarly, while the U.S. government balks at
the idea of imposing carbon emissions regulations,
a number of their industry leaders are seeing the need
to participate in, as well as the opportunity to benefit
from, more rigid environmental legislation. Therefore,
they are favouring stiff carbon emissions regulations
and are working with state and federal government
representatives to find realistic ways to mitigate the
U.S.’s carbon emissions.
For example, the Climate Action Partnership,
a group of corporate CEOs and NGO heads, has actively
lobbied the U.S. government to impose mandatory
carbon regulations on industries.
It is worth noting that most of the companies in
the Climate Action Partnership are already in a strong
position to gain from stiff emission regulations. By
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supporting emission caps, these companies are turning
previously controversial issues into profitable opportunities while at the same time promoting clean
development.
CLIMATE ACTION PARTNERSHIP
Alcoa
BP America
Duke Energy
Dupont
Environmental Defence
FPL Group
General Electric
Lehman Brothers
Natural Resources Defence Council
Pew Centre on Global Climate Change
PG&E Corporation
PNM Resources
World Resources Institute

The following recent examples illustrate the
potential profitability of carbon credits in a free
market situation.
Dupont invested $50 million several years ago
to reduce nitrous oxide emissions. As a result of this
investment, they now expect to receive emissions
credits worth about $400 million – a 900% return on
what was a socially responsible capital expenditure
made in an era without emissions regulations.
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Similarly, Cinergy reduced carbon emissions by
350,000 tonnes by investing $2 million on improving
efficiency in its coal-fired generating stations. After
investing only $1.11 per tonne, they received the
equivalent in credits worth $10 to $15 per tonne in
2010; another incredible return on a socially responsible investment.
Yet another example is Alcoa, which many years
ago realized that recycling aluminum uses 5% of the
energy required to produce new material. Like any
sensible company, they re-designed their production
and manufacturing processes to absorb recycled aluminum cans and other scrap. Now, Alcoa is claiming
carbon credits equal to the energy saved, for a practise
that increased their efficiency in the first place.
An example of forward-thinking environmental
policies and practical adjustment to modern consumer
preferences is Pacific Gas and Electric. PG&E’s website claims that “the carbon dioxide emissions rate for
PG&E’s electric-generating operations is now among
the lowest of any utility in the U.S. … the emissions
rate associated with the electricity we deliver to our
customers is approximately 58% less than the average
among utilities nationwide.” If Congress imposes
emission restrictions, PG&E will improve their competitive position not necessarily by lowering prices, but
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rather by watching their competitors’ profit margins
decline.
Kohlberg, Kravis, Roberts and Co.’s commitment to purchase TXU Corp. in 2007 was recently
touted as the first major business transaction driven
by an ecological agenda. To ensure local support the
company promised to cut power rates by 10% through
September 2008, and to please environmentalists it
agreed to cancel plans for eight new coal plants.
TXU will now invest capital set aside for those
developments in energy demand management systems,
as well as develop 1.5 gigawatts-worth of wind energy.
These initiatives will cut the company’s emissions by
56 million tonnes. Were the U.S. to introduce carbon
trading tomorrow, TXU Corp. would be right at the
top in terms of surplus credits. However, investors,
consumers and critics are asking, “Is TXU in the
business of producing electricity or cutting greenhouse
gases?”
Air Canada is also taking action to reduce the
massive quantities of greenhouse gases emitted by its
aircraft every year. Passengers of the airline can pay
an extra fee to purchase carbon emission offsets. For
example, to make a flight from Toronto to London
carbon neutral, a passenger would pay an extra $20,
while a flight from Toronto to Hong Kong would
require $40.
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Air Canada does not plan to generate a profit from
the extra fee, because every dollar it receives from this
program will be donated to Zerofootprint, a carbonoffsetting firm investing in reforestation projects in
British Columbia.
When the company introduced the new program,
Charles McKee, Air Canada’s marketing vicepresident, said “We believe that this will resonate very
strongly with a great number of our customers, but
we’re not so naïve as to think that it will resonate with
all customers.” He was also careful to make known
that this green option was preceded by efforts to cut
down on fuel consumption and improve efficiency
throughout Air Canada’s operations.
But there are still other cost-effective, and often
consumer-driven, initiatives for firms like Air Canada
to take in order to reduce carbon emissions. For
example, flying more flights during the day rather than
at night reduces condensation trails which contribute
to the retention of heat by the earth’s atmosphere.
Similarly, lowering baggage weight limits would save
proportional amounts of fuel, because lighter planes
consume less.
Furthermore, airplane structural changes, like
adopting flexible wings which move up and down
by ten degrees depending on air and weight factors,
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would reduce fuel consumption by 5-10%. Many other
small changes, some obvious and others still elusive,
are being examined by major airplane manufacturers
like Lockheed Martin and Boeing.
American International Group Inc. and Goldman
Sachs are also designing and developing carbon credit
earning projects, as well as other environmental initiatives. In June 2007 the former had agreed to become
a major shareholder in Syndicate Carbon Capital Ltd.,
while Goldman Sachs has purchased a 10% interest
in Climate Exchange PLC, as part of a plan to invest
$1.5 billion in alternative energy projects.
Citigroup Inc., the largest bank in the U.S., claims
to have arranged a $50 billion fund for environmental
initiatives over the next decade, with $10 billion going
directly towards reducing emissions from the bank’s
14,500 locations worldwide. Shortly before Citigroup
announced this landmark commitment, the Bank of
America decided to direct $20 billion over the same
period of time towards reducing global warming and
lessening its ecological footprint.
While some companies are investing in ecologically friendly alternatives for almost guaranteed profit,
and others for moral or political reasons, some are
genuinely forging new business practices with innovative solutions to ensure commercial success in
a warmer world.
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Merrill Lynch is an example of such a firm, having
recently developed a two-year certificate with a return
of up to 16% annually, depending on temperatures
at the Roma-Ciampino Airport in Italy. Investors are
guaranteed 101% of their money back if temperatures
never rise above 16.38°C, while they stand to gain more
if the heat exceeds that “strike” temperature. Investors
must buy in with a minimum of $1,370, while Merrill
Lynch has put up about $27 million.
Jens Boening, Merrill Lynch’s London-based head
of weather derivatives structuring in Europe, the Middle
East, and Africa, says, “This innovative product …
enables investors to get easy access to this alternative
asset class. At the same time, it enables agricultural,
commercial, and retail clients in Italy, who have
recently suffered from rising temperatures, to mitigate
the risk of above-average heat.”
By adapting to changing climatic situations and
providing a fallback plan for companies who fear the
negative consequences of global warming, Merrill
Lynch is an example of a company that is helping
protect against the worst consequences of climate
change.
General Electric is another company likely to
benefit significantly from emission regulations. Their
strategic position is only partly due to natural advan201
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tages. The rest is thanks to careful planning and
ecological concern. As a worldwide manufacturer of
nuclear reactors, natural gas turbines, wind power
generators and coal gasification technologies, increased
carbon restrictions worldwide will bump up demand
for their products.
Furthermore, the company continues to invest
heavily in researching carbon gas capture and
underground sequestration. This process involves
compressing massive amounts of carbon dioxide and
pumping it deep into the Earth for permanent storage.
Because this method is not yet proven to be costeffective, Elyse Allan, chief executive officer of
GE Canada, explains that stiff emissions regulations
will be necessary before large Canadian firms purchase
these services from GE.
GE is generally considered to be the company
likely to benefit the most from both a society focussed
on preventing climate change and a world with warmer
temperatures. As the manufacturer of “inherently safe”
nuclear reactors, an emissions-obsessed public will
probably endorse GE’s role in the energy sector. And
if society’s dislike for nuclear energy prevails, the
company can offer its recently developed coal-fired
power plant technology which releases negligible
amounts of greenhouse gases into the atmosphere.
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On a smaller scale, GE is delivering the power
to cut emissions to consumers via a new “carbon
neutral” credit card for customers of GE Money.
Customers who use the card receive a rebate of 1% off
every purchase, half of which buys “carbon offsets”
by investing in projects that reduce greenhouse gases.
In addition to offering these services to consumers,
GE is making a legitimate effort to reduce its own ecological footprint. It has replaced machinery and equipment
in its plants around the world to improve efficiency,
installed solar panels on many of its buildings, and
is relentlessly reducing energy use in its production
facilities.
Jeffery Immelt, GE’s CEO, has championed
a new $12 billion program within the company called
“Ecomagination,” which provides environmentally
friendly products to customers in a profitable manner.
Under this program, GE is committed to reducing
greenhouse gas emissions by 1% by 2012 (a significant promise considering GE’s expected growth would
increase emissions by 30% if left unchecked), and to
increase investment in the research and development
of ecologically sound products to $1.5 billion by
2010, up from $700 million in 2005 and $900 million
in 2006. 3
3

Globe and Mail, June 9 2007, “The greening of GE” Shawn McCarthy
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Lorraine Bolsinger, a senior officer of GE, describes
society’s new ecological concerns as, “A mega-trend.
We can either be a victim of it – and say, ‘Wow, we’re
going to have to react,’ or we can say, ‘Let’s make
this something we’re good at, let’s use this changed
scenario to our advantage and get in front of
it.’ ” Apparently GE is on to something worthwhile,
considering Ecomagination sales are rising 12% per
year, compared to 9% for overall GE sales.
Royal Dutch Shell is also employing new technologies to abate emissions in Europe. They recently
began pumping carbon dioxide from a refinery in the
Netherlands to 500 local greenhouses producing fruits
and vegetables. They expect this innovative system to
abate 170,000 tonnes of carbon and save greenhouse
owners 95 cubic metres of natural gas per year, which
they would have otherwise burnt to generate the
carbon dioxide needed to enhance the growth of plants
in their greenhouses.
Exxon Mobil Corp., an unlikely environmental
champion, has also embraced stiff climate change
policies. The global spokesman for the company
on environmental issues, Kenneth Cohen, said that
Exxon was never against carbon taxes or carbon credit
markets, but that it simply needed time to evolve its
understanding of climate change. The company is now
firmly supporting either a carbon credit market, which
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would allocate credits to fossil fuel producers, or
a strict carbon tax in the U.S.
In addition to encouraging companies to take
action, many large funds like Calpers and Calsters, the
California public employee and teacher pension funds,
have signed on to the Carbon Disclosure Project,
a network which encourages the disclosure of emissions to investors. The Carbon Disclosure Project has
the dual benefit of sharing with investors and suppliers
the net emissions of firms that disclose their environmental data, as well as showing which firms choose
not to reveal emissions information.
Unlike some slow-to-move heavy polluters, the
companies and investment groups noted above have
displayed ingenuity by investing in cleaner technologies and preparing themselves to operate successfully
even in highly regulated emission markets. However,
many would argue that these firms would have acted to
lessen their ecological footprint regardless of the costs
or payoffs from their emission conscious actions.
It is also worth mentioning that dozens of
small firms are forming to help companies reduce
their pollution and carbon emissions. For example,
Myclimate, a recently established carbon-offsetter,
is run out of Zurich, Switzerland, and currently strives
to set the standard for greenhouse gas offsetting
projects.
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Myclimate’s managing director, René Estermann,
admits, “There are too many carbon-offset groups. Too
many are not credible. Too many collect money and
do not invest it efficiently.” Myclimate counts among
its clients Coca-Cola Switzerland, Greenpeace UK,
and Volvo Switzerland.
Patrick Burgy, one of the founders of Myclimate,
says that it is paramount that carbon-offset firms show
integrity and honesty in all of their dealings. “The
market is young and the standards are still evolving,”
he said in early 2007, “The customer often does not
know what he is purchasing. He often doesn’t know if
the project is being verified or how it is audited.”
Aldyen Donnelly, president of Vancouver’s
Greenhouse Emissions Consortium, feels the same way.
She says, “I have seen offsets sold three or four times.”
Such practices are most common when dishonest
middlemen take money from well-meaning polluters
and invest them in superfluous carbon-offset projects,
or when projects sell their carbon credits cheaply in
order to make ends meet. Ms. Donnelly says the best
way to protect against this sort of fraud is to establish clear guidelines for extensive disclosure of offset
programs.
To protect against this, Myclimate has decided to
keep their portfolio small enough to maintain efficiency
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in evaluating and monitoring the projects it funds. Last
year they sold 40,000 carbon credits for $34 each.
Unlike many other carbon emissions mitigators,
Myclimate operates financially like a non-profit organization. Eighty percent of net income goes directly
to carbon-offset projects, while only 20% of their net
income pays for salaries and office expenses. Many
other offset companies, in contrast, direct only 50% of
net income to projects. 4
Kevin Smith of Carbon Trade Watch, a carbon
credit market watchdog, remains unconvinced of the
legitimacy of developing carbon credit markets. “[This
kind of market] is breeding a very dangerous sense
of complacency. It is delaying us from making the
difficult decisions and the systematic changes we have
to be making here and now.”
In spite of some of the difficulties in evaluating
real progress in capturing carbon emissions, the importance of offsetting carbon is nonetheless touted by
Mr. Estermann of Myclimate. He explains, “Carbon
offsetting transforms a political problem into a drama
of individual redemption.”
In addition to the firms that are already benefiting
from climate change legislation, others are looking to
4

Globe and Mail, July 14 2007, “The great carbon conundrum” Eric Reguly
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the future for potential prosperity. They expect that
if the Earth actually warms by several degrees, the
changes adopted by society will provide new profitable
opportunities for certain industries.
For example, private health care providers and
pharmaceutical organizations may benefit immensely
from a warmer world. In 2005, the World Health
Organization reported that global warming may already
cause 150,000 deaths per year by spreading diseases
commonly found in warmer regions, like malaria and
dengue fever. 5
If these diseases begin affecting the citizens of
developed countries, wealthy consumers will demand
inoculations and cures. This would increase the
incentives for the pharmaceutical companies to invest
in research and the development of new drugs.
Furthermore, people living in warmer climates
tend to live longer than those in cooler places.
With the elderly maintaining a presence for longer
in newly warmed areas of the developed world,
demand for health care services will increase accordingly. Interestingly enough, however, is the fact that
the countries most likely to be influenced by global
warming are well north of the equator, and typically
have government-run public health care systems.
5

World Health Organisation, 2003, “Climate change and human health”
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Nevertheless, another case-in-point regarding the
potential to increase profitability in a warming world is
agriculture and genetic engineering. Warming, cooling,
and changing seasonal conditions may reduce the
yield of many carefully engineered crops. Firms like
DuPont, Monsanto, and others would be given the
profitable task of modifying plant seeds to adapt to
new climates.
Unfortunately, however, some of the most
environmentally conscious firms stand to be hurt by
the emissions regulating policies of the Canadian
government.
Catalyst Paper Corp., for example, began cutting
its emissions in 1990. To date, its annual emissions are
down by approximately one million tonnes (equivalent
to removing about 250,000 vehicles from the roads),
representing a 70% drop. Companies like Catalyst are
concerned that their early voluntary efforts will be
overlooked under the legislated emission reduction
targets, which set 2006 as a baseline rather than 1990.
“We think the government has made a clear policy error,” claims Avrim Lazar, president of the Forest
Products Association of Canada, in reference to
the new reductions time line. “If one guy is driving
a Hummer and another guy is driving a Prius, and you
tell them both to reduce their fuel consumption by
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20%, the guy in the Hummer can go out and get a Ford
truck and the guy in the Prius has to buy a bicycle.”
In failing to acknowledge the prior good work
of some companies, the Canadian government may
cause the Canadian forestry sector as a whole to lose credit
for their 7.4% overall cut in emissions between 1990 and
2003.
Conversely, the Canadian oil and gas industry
is most likely to gain from the proposed emissions
regulations. Notwithstanding that the companies in
this sector have increased emissions by 41% since
1990, they are likely to be measured on an intensity
basis to take into account the large increase in oil sands
production.
The electricity generating sector, a major carbon
producer, has also increased emissions by about 40%
since 1990. The Canadian federal government is,
however, considering recognizing up to 15 million
tonnes of reductions achieved prior to 2006 by the
industry.
It is commendable that companies are stepping
up, albeit partly motivated by the potential to profit in
meeting society’s increased expectations of ecological
consciousness and careful environmental practices.
In taking these measures, the companies which act
are obviously assuming risks, as they will need to
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abide by the precise wording of regulations which are
yet to be written. No doubt this task will be done by
well-meaning bureaucrats, many of whom may only
have limited knowledge of the different industries
affected. This compounds the risks corporations are
taking in advance of the legislation being settled. For
taking these risks they deserve to be protected and well
rewarded.
Furthermore, emissions regulations are likely
to change over the years as international pressure
is brought to bare on all countries to standardize
environmental practices, particularly when it comes to
determining the level and methods for measuring the
carbon credits available to each producer.
On the whole it is safe to assume that businesses
will continue reforming their processes to become more
environmentally sensitive, especially as the public
becomes more knowledgeable of the world’s ecological
status quo.
To ensure this progression and adoption of
sustainable environmental practices, governments
will need to prepare enabling legislation and related
regulations. This should be done quickly, even though
it may be years before international standards are set
and adopted which guarantee a fully equitable system
with all nations complying.
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XIV

Fuel Alternatives for a Carbon-Conscious World

We are all addicts of fossil fuels in a state of denial,
about to face cold turkey.
– Kurt Vonnegut

O

ne can attribute virtually the entire sixteen-fold
increase in carbon emissions since 1900 to the
increased demand for heat, light, and transportation
energy. Modernity has been more demanding of energy
than any other phase of human civilization, with over
50% of all the energy consumed since the Industrial
Revolution occurring in the last 20 years.
Furthermore, the demand for energy is permeating
all parts of society, including academia. For example,
after MIT’s president, Susan Hockfield, introduced
an initiative to promote research in alternative energy
sources, student enrollment in related courses tripled
in five years.
It is certainly worth considering what the consequences of consuming energy and fuel are before
examining solutions for the various emissions
scenarios.
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The U.S. Environmental Protection Agency
estimates that every gallon of gasoline burnt releases
8.64 kg of carbon, while each kWh of electricity
produced from a coal-fired plant releases 1.4 kg of
carbon. Nuclear energy, on the other hand, releases
0.025 kg of carbon per kWh produced, while natural
gas releases 0.58 kg. 1
World Greenhouse Gas Emissions by Sector, 2000
Other
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Source: World Resources Institute

Because of the magnitude of fossil fuel emissions,
renewable energy is being touted around the world as
the most practical large-scale way for both developed
1	Sprott Asset Management, 2006, “Investment Implications of an Abrupt Climate Change” Eric Sprott,
Kevin Bambrough
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and developing societies to reduce their greenhouse
gas emissions and other pollutants. Currently renewable energy provides about 18% of energy around the
world, according to the International Energy Agency.
Before exploring the status of each of the major
renewable energy sources, it is useful to understand
where the governments of major developed countries
stand regarding its introduction and use.
Generally speaking, European governments are
more dedicated to helping clean energy entrepreneurs
than their North American counterparts, who offer
wavering support and apply stricter financial rules to
energy companies.
The U.S. in particular is regarded as a difficult
place to invest in renewable energy projects because
of the wild swings in government support and demand
for their equipment, according to Soren Madsen,
a sales executive at Vestas Wind Systems AS, whose
equipment produces 35% of the world’s wind-generated electricity.
This is reflected in the relationship between clean
energy developments and the tax credits issued by the
U.S. Congress. When credits are issued, production
increases, and when they expire, development comes
to a standstill. For example, in 2003, 1,687 megawatts
of wind power capacity were added to the U.S. grid,
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but in 2004 only 389 megawatts were added, and then
in 2005 producers added 2,431 megawatts.
More important than just tax credits, though, is the
fact that European governments are willing to invest
in the physical infrastructures for renewable energy
production. According to Ken Bruder, executive
director of New Energy Finance, “Europe may be
doing a better job than America in setting up these new
infrastructures.”
As a result, more than half of the world’s 22 top
publicly traded wind and solar power generation
companies are based in Europe. One often hears the sad
stories of failed U.S. clean energy firms matched with
tales of European companies performing remarkably
well.
Vestas, the Danish wind energy company, saw
its shares rise by 130% in 2006, and Apax Partners
experienced a 255% return on its investment in the
German solar company Q-Cells. Robert Hertzberg,
a Californian green energy entrepreneur now working
in the United Kingdom, says it’s all because “the
financial markets and those who control the big funds
understand the importance of renewable energy.”
Indeed, firms and politicians are taking Kyoto and
other commitments so seriously that some apparently
bizarre, but potentially break-through technologies are
being researched and contracted all over Europe.
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One example involves installing dozens of small
hydraulic generators under the floor panels of a subway station, to capture the energy of footsteps taken
by thousands of commuters each day. They expect the
project to produce enough energy to power the station’s
lights, and also contribute back to the overall grid.
Another seemingly bizarre technology employs
massive traction kites, which are harnessed to the
bows of large transoceanic ships. KiteShip, the largest
traction kite firm, is pursuing a deal with two of the
world’s largest oil companies to harness football-field
sized kites on their tankers.
“When fuel costs become sufficiently high and/or
government air and water quality regulations become
sufficiently heinous, the commercial shipping industry
will look to sail power as an assist to petroleum powered
vessels,” KiteShip claims on its website. Considering
that the European Union very recently added carbon
emissions from the shipping industry to their continental emissions trading scheme, one may assume that
KiteShip will do well.
North America, however, is far ahead of Europe
in terms of investment dollars applied to research and
development in the renewable energy sector. New
Energy Finance, an authoritative energy think-tank,
found that in 2006 North American industries invested
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about $4 billion of private equity and venture capital
into new clean energy firms. Europe, Africa, and the
Middle East combined only invested about one-third
of that.
One characteristically European technique for
encouraging the development of renewable energy is
the “feed-in tariff system,” first introduced in Denmark
in the 1990s. The system sets an above-market rate for
renewable electricity, and has taxpayers pay an extra
3% and businesses a further 9% on their energy bills.
As a result of the system, renewable sources grew from
providing 3% of Denmark’s energy in 1992 to 25%
in 2004. 2
In Britain, under the Renewables Obligation,
a set proportion of electricity that power utilities
purchase must be from clean sources. If they fail
to meet the necessary targets, the utility must pay
a penalty which goes into a fund that is distributed
amongst all the clean energy suppliers in the U.K.
A system like the Danish feed-in tariffs is unlikely
to be introduced in North America in the foreseeable
future, because U.S. and Canadian politicians would
find it difficult to gather support for such a heavy tax.
Robert Dixon, head of the energy-technology policy
division at the International Energy Agency, says,
2

Wall Street Journal, February 12 2007, “Alternative approaches” Leila Abboud

217

Objective Ecology
“People don’t really notice the costs of feed-in tariffs
in Europe because the cost of electricity already is
so high.”
U.S. Electricity Generation, 2005
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In any case, North American governments are still
trying to develop a system that encourages renewable
energy production without passing massive costs on
to consumers and businesses. Todd Allmendinger of
Emerging Energy Research explains the problem
by pointing out that “regulators have to try to strike
a delicate balance. They have to provide enough incentive for renewables to grow, but not so much that they
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coddle the industry and prevent it from becoming more
efficient.”
With this brief outline of the different programmes
and support systems in place for renewable energy
production in North America and Europe, the balance
of this chapter will provide basic information on the
more meaningful renewable energy sources in operation or being developed.
Wind Energy growth is a particularly good indicator of political and market attitudes towards renewable
energies. According to the Energy Information
Administration, the cost of wind power in developed
countries has fallen from 80 cents per kWh in 1980 to
ten cents in 1991, and to approximately eight cents in
2006. More impressive is that in the 1970s, when wind
energy was first being developed, the maximum rotor
size was ten metres, and now many rotors span more
than 125 metres.
The technology of wind energy has moved forward
so fast, in fact, that an entirely new model for capturing
the energy behind moving air has been developed in
Italy by KiteGen. Like the kites built for cargo ships,
KitGen’s generating plant will employ ultra-light kites
flying almost a kilometre in the air, pulling thin blades
similar to those found on conventional wind turbines.
The cost is estimated to be approximately three cents
219

Objective Ecology
per kWh, although the first plant will not be fully
operational until 2010.
Wind energy production increased to about
59,000 megawatts worldwide in 2005, enough to
power approximately 20 million homes. In 2006 alone,
worldwide wind capacity increased 32%, representing
a global investment of about $23 billion. In the U.S.,
wind energy capacity increased 27%, representing
a total production capacity of 11,603 megawatts. 3
Even China, which has a far from clean record
when it comes to energy, is determined to build localized industries from wind generation. Beijing mandated
in 2007, for example, that 70% of all wind turbine
parts be manufactured in China.
According to Robert Hornung, president of the
Canadian Wind Energy Association, “In Canada,
installed wind energy capacity more than doubled in
2006 and provincial government utilities have adopted
targets that would see wind energy production in
Canada increase by a minimum of 700% in the next
decade.”
Nonetheless, Tom Adams, executive director of
Energy Probe, believes, “Canada’s experience with
wind power has been disappointing. Of the 14 wind
farms receiving federal subsidies that have oper3

Wall Street Journal, February 12 2007, “The New Math of Alternative Energy” Rebecca Smith
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ated long enough to reveal a clear picture of their
productivity, 12 have failed to achieve their forecasted
production. Two of the federally supported wind farms
have failed to match half of their forecasted production.
Overall, the 14 wind farms have produced 18% less
power than expected. Likewise, provincially subsidized windmills have also been failures.”
Despite the growth in production capacity and the
apparently positive outlook for wind energy generation
around the world, many have found problems with
integrating large amounts of wind power into their
base loaded grids. The Renewable Energy Foundation
in the UK, for example, reported in December of 2007
that wind power is consistently produced at the wrong
times of year in most of Europe and North America.
The group specifically pointed out that during the
winter, when demand for energy is at its highest, wind
production decreases significantly.
However, John Constable, a policy and research
director at the Renewable Energy Foundation, claimed
in a recent letter to the National Post that this problem
can be partly solved in some places: “In the United
Kingdom, we believe that wind will play its part offshore, where high wind resources can be found closer
to centres of load, and geographically distributed to
achieve some, modest, degree of smoothing.” 4
4

National Post, March 6 2007, “Hard to run a reliable grid” John Constable
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Mr. Constable adds, “While wind will have an
important role in the global energy portfolio, we need
realism with regard to the scale, and value of this
contribution, not least because over-expenditure in one
area will entail a serious opportunity cost, suppressing
other low-carbon technologies with higher intrinsic
merits.”
Solar Energy is certainly one of the more important rapidly growing low carbon energy technologies,
even though it still accounts for less than 1% of power
generation worldwide. That is the equivalent of about
5,400 megawatts, or enough to power 2.5 million
homes’ daytime needs. The rather small contribution
of solar energy production is due to the high cost;
typically, the energy costs about 40 cents per kWh. 5
Nonetheless, solar energy is already making
a large impact in some countries. For example, more
than 50% of China’s hot water is heated through solar
power, and overall the solar voltaic market share has
increased by 41% per year, three years in a row. As
a result, solar-grade silicone prices are fourfold what
they were in 2003, significantly raising the production
costs of solar energy.
But a small current contribution to worldwide
grids doesn’t mean that the technology isn’t spreading and improving every year. Solarbuzz LLC,
5

Wall Street Journal, February 12 2007, “The New Math of Alternative Energy” Rebecca Smith
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a California-based consulting firm, claims that solar
energy production is increasing by about 25% every
year. This has been largely due to stable and strong
government support.
The Ontario government, for example, created
the Standard Offer Program for small solar energy
producers, who are paid a set rate of 42 cents per
kWh for 20 years. This gives the producers a competitive advantage over typical generators, who receive
less than a sixth as much, and even other subsidized
renewable energy producers, who receive 31 cents less
per kWh. The U.S. also has a similar incentive system
in the form of a tax credit, where solar energy producers
are credited with up to 30% of the solar project’s
original cost.
A point of interest is that the U.S. Department of
Energy conducted a recent study and determined that
covering only 1.6% of the country’s land area with
solar cells would produce enough energy for all its
electricity needs. 6
New technologies may soon reduce the need for
heavy subsidies. For example, a recently developed
method called “concentrated solar power” employs
massive dishes and mirrors to track the sun’s light,
6	United States Department of Energy, April 2005, “Basic Research Needs for Solar Energy Utilization”
Nathan Lewis
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reflect the energy, and thereby efficiently produce
electric energy when the sun is strong. With this technology, the cost of solar energy is expected to fall to
almost that of wind, about nine to ten cents per kWh.
Overall, solar power seems to have a bright future
as a renewable energy both in developed and developing countries. Most important to keep in mind is that
as the technology develops further, solar power will
grow cheaper and more economically viable on large
and small scales.
Canadian Electricity Generation, 2006
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Biomass Energy is another source of renewable
energy which is growing in popularity and efficiency,
and currently produces more electricity than solar,
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wind, and geothermal combined in North America.
The process of extracting energy from biomass can be
confusing to those who are not in the power industry,
but it essentially involves burning plant matter or
converting it into combustible gases by means of heat
and chemical processes.
Sources of Biomass and Their Energy Products
Type

Examples

Energy Product

Forestry by-products
and wood industry

Fuel wood, sawdust, bark

Heat (H), Power (P), Combined
Heat and Power (CHP)

Lignocelluloses
agricultural residues

Straw, stalks, milling residues from corn and
oat processing

H, CHP

Lignocelluloses
energy crops

Switch grass, reed canary
grass, short rotation
forestry

H, CHP

Livestock manure

Liquid swine and
dairy manure

H, P, CHP

Oilseeds and starch
from energy crops

Corn, winter wheat, barely,
oats, canola and soybeans

H, Transport Fuel (TF)

Residues from
food industry

Shells, husks, pulp, used
frying oil

H, P, CHP, TF

Waste wood

Construction wood, demolition wood

H, P, CHP

Biodegradable
municipal waste

Kitchen and garden waste,
organic municipal waste

H, P, CHP

Biodegradable
landfill waste

Landfill gas

P

Sewage sludge

Sewage gas

H, P, CHP

Source: Smart Generation – David Suzuki Foundation

The largest biomass generators are not actually
owned or operated by energy companies. Instead,
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forest product companies like Weyerhaeuser Co.,
Koch Industries, and the International Paper Co., use
the common wood waste and pulp-mill by-products
known as black liquor, to produce massive amounts
of energy. The cost of producing electricity from this
unlikely source varies between five and ten cents
per kWh, depending on the fuel.
Before biomass really becomes a mainstream
source of energy production, however, an intricate
infrastructure must be put in place to capture waste
products from residential, commercial, and industrial
operations and appropriate tipping fees established.
Were such a system widely established, the potential
for biomass would only be limited by the amount of
organic waste that could be collected within the major
cities or economically produced by major forestry
companies.
For example, a recent study by the California
Biomass Collaborate found that 80 million tonnes of
waste material is generated in California each year, of
which about 30 millions tonnes of waste could be made
economically available for biomass energy production.
The study found that this would be enough to produce
approximately 2,500 megawatts, or the equivalent
of five large gas-fired plants and 1.3 billion gallons
of typical transportation fuel. 7
7

Wall Street Journal, February 12 2007, “The New Math of Alternative Energy” Rebecca Smith
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Geothermal Energy is a rather marginal source
of energy in North America when compared to its
potential. Currently geothermal energy costs about six
to ten cents per kWh without subsidies, and produces
about 8,000 megawatts globally, with 3,000 megawatts
being produced in the U.S. alone.
Geothermal is generally preferred as a source
of renewable energy over solar and wind, despite its
significantly longer payback period and large up
front capital cost. This is because geothermal always
produces electricity, regardless of weather or other
conditions, and can therefore be used as a base load
source of energy.
In Canada and the U.S. today, geothermal power
represents less than 1% of total electricity generation.
Some of the larger U.S. and Canadian geothermal
energy producers include: Western GeoPower Corp.,
Ormat Technologies Inc., Nevada Geothermal Power
Inc., and Polaris Geothermal Inc., which mostly
operates out of Nicaragua.
With the first geothermal plant having been built
in the early 1900s in Italy, geothermal is hardly new to
the power industry. However, the technology is only
now finding its niche among large energy producers.
Almost all of the mainstream geothermal firms have
sites under construction, most of which are in the
10 to 30 megawatt range.
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To date geothermal plants have generally been
located in active seismic regions. However, with
improved drilling technologies on the horizon it will
be possible to drill into hot, dry-rock formations of the
Earth’s crust. In Queensland, Australia, a 15,000 foot
test well was recently completed into the hot granite
of the Copper Basin, tapping into rock as hot as 480°F,
or 225°C. The objective is to generate steam by pumping water down the well in a closed-loop system.
A study group at MIT found in 2006 that
geothermal energy could potentially provide 10%
of the world’s energy by 2050 at prices competitive
to fossil fuels, if research and development was
performed today. In fact, improvements in technology
are allowing geothermal techniques to draw energy
from sources at lower temperatures than previously
considered economic. 8
The study group also reported that the process
of developing the necessary technology would move
forward exponentially faster if oil companies would
collaborate with geothermal exploration firms and
share their knowledge of drilling techniques, geology,
and hydrology.
Whether such collaboration or technological
development occurs is not the most important factor
8

Massachusetts Institute of Technology, January 22 2007, “The Future of Geothermal Energy”
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in predicting geothermal energy’s success as a renewable energy. More important is identifying suitable
geological formations, followed closely by consumer
and government support.
Coal Energy, notwithstanding its large reserve
base, is never seriously considered a renewable source
of energy, however, it is coming closer to being
regarded as a “clean” means for producing electricity.
According to the International Energy Agency, coal
is responsible for 25% of the world’s energy, and its
usage is expected to increase by about 32% by 2015
and 59% by 2030. Indeed, it was in 2003 that coal
finally overtook oil as the leading contributor to energy
production-related carbon dioxide emissions. 9
As a note of interest, China and India will account
for 80% of the increased demand for coal between
now and 2030. This is primarily because coal is
available, cheap, and is not yet restricted under Kyoto
within these countries. The only problem standing in
the way of the further employment of coal as a source
of energy is the overburdened infrastructure in China
and India. Significant investment will need to be made
if coal is to be mined and transported to the powerhungry urban centres.
Indeed, an MIT science panel reported in 2005,
“Coal use will increase under any foreseeable scenario
9

International Energy Agency, 2007, “Coal Information”
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because it is cheap and it is abundant.” Hopefully
a new technology with the grand name of Thermalenergy Integrated Power Systems (TIPS) proves to be
successful and eliminates almost all the greenhouse
gas and pollutant emissions of burning coal.
TIPS employs huge amounts of constant pressure
at 3,700 pounds per square inch (consider that a typical
car tire is pumped to about 30 pounds per square inch),
as well as extreme heat. TIPS technology is reported
to reduce 99% of pollutants from coal, and to even
require a smaller plant size than typical coal burning
generators.
Another technological development that may clear
coal’s blackened image is carbon-capture storage.
The process is actually rather simple, though currently
very expensive and dependant on finding suitable
natural geological formations. Companies capture the
carbon emissions of coal plants and other industrial
processes, compress the gases, and inject them into
sealed underground rock formations.
This technology has been used since the early
1990’s by British Petroleum to inject carbon dioxide
into natural gas deposits in Algeria as a means of forcing the fuel upwards. Even today, in Alberta and elsewhere, carbon-capture storage has a double purpose;
to increase the production of oil and gas from wells,
and to reduce greenhouse gas emissions.
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There are problems, however. Consider, for example, that even if only 60% of the U.S.’ 1.5 billion tonnes
of carbon dioxide emissions from coal plants were
captured and liquefied for storage, it would take up the
same amount of physical space as all the barrels of oil
consumed in the U.S. this year. 10
While carbon-capture storage is an unproven and
still relatively uncommon method for abating carbon
emissions, it may prove to be the only large-scale way
for coal-fuelled facilities to deal with their emissions.
Nuclear Energy is by no means obscure or
unknown as a low-carbon source of energy. Many environmentally inclined individuals argue against nuclear
power as a means for generating energy because of
unresolved waste disposal issues and the risk of mismanaged nuclear facilities devastating home values
and ecosystems, like in Chernoble in Russia, and Three
Mile Island in the U.S.
Nonetheless, the merits of nuclear power in
a carbon-conscious world should not be under estimated
in evaluating alternatives for fossil fuel energy production. Furthermore, the alternatives within nuclear
power itself are becoming more appealing even to
those previously opposed to developing it as a primary
source of energy.
10

The Economist, May 31 2007, “Dirty king coal”
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For example, Atomic Energy Canada Limited is
developing a new ACR-1000 reactor which, according to chief operating officer Ken Petrunik, can
provide energy for two million people, while producing no greenhouse gases and only ten cubic feet of
waste per year.
Because of developments like this, Ken Smith,
managing partner of Sector Consulting, believes,
“In developed countries that use nuclear power, we
can expect significant replacement and refurbishment
activity and a rising demand for new generating capacity. In developing countries, such as China, which
is facing increased resistance from trading partners
over its use of coal to generate power, nuclear energy
seems to be an obvious alternative.”
And so, while nuclear power is neither new nor
unanimously accepted as green, clean, or renewable,
it is certainly a viable alternative in developing new
power sources which are low in carbon emissions and
efficient on a large scale.
Fusion Energy, unlike nuclear power, is in the
early stages of development and may be the key in the
long run to the production of cheap, clean electricity
on incredibly large scales. To understand how fusion
power works, it is easiest to imagine two atoms being
brought so infinitesimally close together that they
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fuse into one atom, releasing an incredible amount of
energy in the process.
The Sun’s energy is created through fusion power,
producing enough heat to warm an entire solar system
and beyond. French Nobel Laureate Pierre-Gilles de
Gennes has described the main issue concerning fusion
power: “We say that we will put the Sun into a box.
The idea is pretty. The problem is, we don’t know how
to make the box.”
It is interesting to note that while it took less
than ten years for developed countries to find civilian
uses for fission (or nuclear) energy after using it to
create military weapons of mass destruction, it is
has been more than 50 years since the first use of
a fusion (or hydrogen) bomb, and there have still been
no conclusive advancements toward civilian use. The
current social obsession with global warming and
carbon dioxide emissions, however, may create enough
interest and investment in fusion power to stimulate
research and scientific discoveries.
Touting fusion power as a renewable source of
energy is technically incorrect, because it relies on
a limited resource, which would be depleted faster
than it is replenished in any large-scale use of the
energy source. Deuterium, an element received by the
Earth through cosmic sources, is the key source of fuel
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for fusion power and is mostly found in heavy water,
a type of molecule that is found only among every
3,200 typical water molecules.
Given fusion power’s efficiency, and society’s
movement towards general energy efficiency, however,
it would be millennia before the world’s supply of
deuterium was consumed. The amount of deuterium
easily accessible on Earth is estimated to be 50 million
times the energy-equivalent of fossil fuels.
Furthermore, even if the world’s population were
to reach 10 billion, per capita energy consumption
to increase to triple that of the average U.S. citizens
today, and no developments made in producing deuterium, it would still take over 2,000 years for the world
to consume its supply of deuterium.
In terms of funding, it is estimated that through
the 1990’s over $13 billion was spent on research, and
that before any practical implementation is possible
approximately $100 billion more will need to be
invested over 50 or more years. There is currently one
test facility under development in France supported by
the E.U, Japan, China, India, Russia, South Korea, and
the U.S. Known as the International Fusion Material
Irradiation Facility, it is expected to be functioning
by 2017 and capable of producing 500 megawatts
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for 400 seconds while consuming 0.5 grams of deuterium. 11
While under criticism from many members of
Greenpeace and other environmental advocacy groups,
fusion power may be key to producing huge amounts
of energy in a cheap and relatively low-impact way.
Biofuel Energy and its use as a transportation fuel
is the most likely replacement for mainstream energy
sources like gasoline. Ethanol is the most rapidly
growing biofuel, and is transportable as a liquid alcoholic substance produced from sugar, beets, corn,
or other crops.
Ethanol is mostly consumed in developed nations
and Brazil, which, for security reasons or wishing
to reduce emissions and pollutants, mandate that
gasoline and ethanol be mixed in certain proportions
at all consumer fuelling stations.
A more technologically advanced method to
produce ethanol from cellulose from a variety of plant
matter has been in the trial stages for about 15 years,
but researchers finally think they are near mastering
the process. Cellulosic ethanol, as it’s called, can be
made from the wood waste produced every day by the
forest industry or harvested from secondary forests
from around the world.
11

New Energy Times, November 10 2006, “Extraordinary evidence” Steven Krivit, Bennett Davis
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The potential for this technology has attracted
investment from Suncor Energy Corp., Chevron Corp.,
and Royal Dutch Shell Group, who are partnering
up with small cellulosic ethanol start-ups like Lignol
and Iogen. If a breakthrough discovery is made, it will
have a meaningful impact on transportation fuels in
the future.
But regardless of technological advances, the
Canadian federal government has committed to a 5%
concentration of ethanol in all gasoline sold in Canada
by 2011, which will reduce emissions to an equivalent of permanently removing 200,000 cars from the
roads.
Similarly, President Bush has expressed a desire
to increase ethanol consumption to 35 billion gallons
by 2017, up from the 19.5 billion gallons consumed
in 2006, which represented 3.5% of total U.S. transportation fuel consumption. This followed President
Bush’s original goal to cut the U.S.’ dependence on oil
by 20% in 10 years. Overall, the planned consumption
of ethanol in place of gasoline is expected to reduce
U.S. greenhouse gas emissions by 8 million tonnes
per year.
But this cleaner alternative to gasoline is not
without critics and opposition. Fred Pearce, author
of When the Rivers Run Dry, says, “Sugar is one
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of the thirstiest crops in the world,” and estimates
that producing a single tonne of ethanol requires
600 to 700 tonnes of water.
As a result of that inefficiency, Dan Kammen,
a researcher at the University of California Berkeley,
says, “Corn ethanol is clearly flawed. Corn ethanol
is such a modest winner relative to gasoline that
I would never suggest we should switch to a cornbased economy.” He also points out that the swelling
demand for ethanol has bumped up food prices around
the world; almost every product in a typical household
is related to the cost of corn, because it is also a staple
in the raising of pigs, chickens and cows.
Moreover, Dr. Kammen claims that because ethanol is so valuable many farmers, who would otherwise
be producing sustainable crops, are switching to
environmentally unsound fertilizer-intensive crops
like corn. In Louisiana, for example, farmers in 2007
will plant the smallest cotton crop since 1975, and
will instead seed the extra acres with corn. Indeed,
by 2008, 30% of grain crops in the U.S. are expected
to be directed to ethanol production, compared to 16%
in 2006.
The rise in food prices due to the increased
demand for ethanol is particularly apparent in developing countries, but also in the developed, wealthier
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Western world. In Mexico, a 60% increase in the price
of tortillas caused riots in early 2007, while the U.S.
National Chicken Council explained to a Congressional
subcommittee that chicken prices rose 9% in one
year because of a 50% rise in the cost of corn feed.
Similarly, Coca-Cola has switched to alternative sweeteners because of the higher cost of corn syrup.
It is interesting to note that were the 90 litre tank
of a typical SUV, like a Jeep Cherokee, to be filled
with pure ethanol, it would require more than 200 kg
of corn. That mass of corn contains enough calories to
feed a person for an entire year.
This is even more interesting when one considers
that corn prices are expected to increase by a further
20% by 2010 and 41% by 2020. In addition, the
World Bank reports that caloric consumption among
the world’s poor, who already spend 50% to 80% of
their income on food, decreases by 0.5% for every
1% increase in staple food prices. Corn and cassava
(a potato-like tuber also used in producing ethanol) are
clearly staple foods, in that they provide over 30% of
the calories in an average sub-Saharan African’s diet.
However, the supposedly inflated price of corn
in Canada is hardly an example of an overvalued
commodity, according to the Ontario Corn Producers
Association. The head of the Association, Dale Mount238
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joy, said in April 2007, “Prices were so low before,
this big high we’re seeing has only brought us up to
what it costs us to grow it.”
Before committing to the already commonly
accepted idea of blending ethanol with gasoline to
reduce overall carbon emissions, it is worth looking at
the controversial but mathematically convincing work
of David Pimentel and Tad Patzek, professors of civil
and environmental engineering at the University of
California Berkley.
They found that the energy inputs for ethanol
production in the U.S. far outweigh the overall energy
output, and specifically noted that corn requires 29%
more fossil fuel energy than the fuel produced, wood
biomass requires 57% more fossil fuel energy than the
fuel produced, and finally that soybean plants require
27% more fossil fuel energy than the fuel produced. 12
On the other hand, one unit of gasoline invested
in the production and refinement of oil and natural
gas yields 15 times its value in fuel energy. This questionable study has been accepted by many critics of
the ethanol industry, but has also not been regarded
as conclusive by any large group of scientists.
The most compelling argument against ethanol,
however, is the alleged health risk. Mark Z. Jacobson,
12

Globe and Mail, October 20 2006, “Water shortages seen putting crimp in biofuel plans” Reuters
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author of The Fundamentals of Atmospheric Modelling,
says, “Ethanol use in vehicle fuel is increasing worldwide, but the potential cancer risk and ozone-related
health consequences of a large-scale conversion from
gasoline to E85 [85% concentrated ethanol-gasoline]
have not been examined.” He adds, “Due to its ozone
effects, future E85 may be a greater overall public
health risk than gasoline.”
Kory Teneycke, executive director of the Canadian
Renewable Fuels Association, rebutted some of these
concerns in a letter to the National Post: “Ethanol
doesn’t take protein, fibre, or fat from the food supply.
Ethanol production uses only the starch from corn.
A variety of feed co-products are produced from the
remaining protein, fibre, fats, vitamins and minerals
in dry-mill corn processing. Corn use is up, and so is
supply. In fact, just last week, the U.S. Department of
Agriculture announced this year’s corn crop would be
the largest in 60 years ... Crop science will ensure corn
yields continue increasing annually – and with fewer
inputs of chemicals, petroleum and water.” 13
He also noted, “Artificially low prices and existing
surpluses are extremely devastating to millions
of farmers in the developing world. With the price of
grains higher, generous agricultural subsidies from
13

National Post, April 14 2007, “Re: The Ethanol Food Crisis” Kory Teneycke
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governments in the Western world can be reduced. This
could be a most important development for farmers
in the developing world – making them more selfsufficient.”
Recently the Organization for Economic CoOperation and Development (OECD) issued a report
which also warned against the potential health risks of
ethanol. Their report claims that biofuels like ethanol
may “offer a cure that is worse than the disease they
seek to heal,” pointing out the increased food prices
and use of pesticides may harm more people than
climate change ever will.
However, the Renewable Fuels Association and
European Bioethanol Fuel Association together wrote
a letter to the Secretary-General of the OECD, urging
her to publicize the fact that the report “was released
not by the OECD ... but by a third party with an antiethanol agenda. We respectfully, but urgently, request
that OECD specifically disavow this report as not
reflecting the official policy of the organization.” 14
Regardless of the health and food security effects
of ethanol, the double benefit of reducing airborne
pollutants while decreasing greenhouse gases can
not be ignored by politicians pressured to mitigate
the anthropogenic contribution to global warming.
14

Renewable Fuels Association, September 20 2007, “OECD Letter” Bob Dinneen, Rob Vierhout
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In addition, the security of supply of this fuel source
could well be a compelling factor in encouraging its
further development.
Terence Corcoran, a senior National Post columnist, pointed out the irony of this situation when he
said, “Hundreds of years ago, native North Americans
would have danced to change the weather so their
corn would grow. Today our governments grow corn
to change the weather.” 15
On the whole, renewable and carbon neutral
energies are appearing to be the key to clean energy
production in the future. Many important factors will
influence which energy sources are developed to their
potential, such as government preference, consumer
bias and resource availability.

15

National Post, April 10 2007, “The Ethanol Food Crisis” Terence Corcoran
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XV

The Potential Benefits of Climate Change

The Mayan Empire, for instance, did not disappear “mysteriously”;
it likely fell into decline owing to decades of drought that ruined
its agricultural base and deprived its cities of drinking water.
– Gregg Easterbrook

A

s further research is conducted to reveal the
overall effects of a changing climate on the local
and global economies, some researchers and analysts
prefer to see beyond the terrifying predictions of mass
species extinction and industrial collapse. Instead
they are focussing on the potential benefits of global
warming, and are keen to describe how a hotter earth
may actually be to the overall benefit of mankind.
Before looking at detailed analyses of how future
global warming would help the world’s masses, it is
worthwhile to pay due attention to how past warming
benefitted the human race. It is also worth considering
that the Earth was significantly colder several millennia
ago and that climate change altered the world from
inhospitable to hospitable. Now, however, many claim
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that any climatic changes would alter the world from
hospitable to inhospitable.
Tim Flannery describes how climatic variations
both restricted and encouraged development among
early humans: “As the crazy see-sawing caused by
alternating melting in the Northern and Southern
Hemispheres progressed, it drew Earth jerkily yet
inexorably towards its present state … As a result, all
over the world people who had hitherto been sheltering in huts and living hand to mouth independently
began to grow crops, domesticate animals and live in
settled towns. It’s hard to avoid feeling that the hostile
ice age climate and its savage transition to the interglacial had until then stymied this great flowering
of creativity and complexity.” 1
Peter Richerson, Robert Boyd, anthropologists at
the University of California, and Robert Bettinger, an
environmental scientist at the same university, studied
and reported on this issue in their paper, “Was agriculture impossible during the Pleistocene but mandatory
during the Holocene?” 2
They mentioned that the first signs of agriculture
date back about 11,000 years when hunter-gatherers
began collecting seeds, but that real cultivation of
1

HarperCollins Publishing Ltd., 2005, The Weathermakers, Tim Flannery

2	University of California Davis, 2001, “Was agriculture impossible during the Pleistocene but
mandatory during the Holocene?” Peter Richerson, Robert Boyd, Robert Bettinger

244

Warm and Fuzzy
wheat and barley only began 9,000 years ago. While
the researchers credit many social factors for making
agriculture a survival-based need, such as population
pressure and depleting natural game stocks, they
propose two other climatic reasons for the birth of
agriculture: “Agriculture was impossible during the
last glacial period [1.4 million to 8,000 years ago].
During this period, climates were variable and very
dry over large areas. Atmospheric levels of CO2 were
low. Probably most important, past glacial climates
were characterized by high-amplitude fluctuations
on time-scales of a decade or less to a millennium.
Because subsistence systems are vulnerable to weather
extremes … agriculture could not evolve.”
“In the long run, agriculture was compulsory
in the Holocene [8,000 years ago until the present].
In contrast to the Pleistocene, stable Holocene climates
allowed the evolution of agriculture in vast areas with
relatively warm, wet climates, or access to irrigation.
Prehistoric populations tended to grow rapidly to
the carrying capacity set by the environment and the
efficiency of the prevailing subsistence system.”
Their report goes on to detail the specific influences on agriculture during both eras, and offers
extensive details regarding the environmental and
cultural states of being. While their paper was written
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retrospectively, it is also worth considering what other
social benefits would be incurred in the future, were
the climate to warm.
Michael Griffin is, (or was, before he was coerced
into recanting his statements) of the opinion that
climate change might be very helpful to future societies,
and that at the very least it is foolish for people to claim
that climate change is inherently bad. Unanimously
elected by the U.S. Senate to head NASA, Dr. Griffin
is a well respected scientist who enjoys the support of
many of his colleagues and government agencies.
“First of all, I don’t think it’s within the power
of human beings to assume that the climate does not
change, as millions of years of history have shown.
And second of all, I guess I would ask which human
beings, where and when, are to be accorded the privilege of deciding that this particular climate that we
have right here today, right now, is the best climate for
all other human beings. I think that’s a rather arrogant
position for people to take,” questions Dr. Griffin.
Furthermore, he says, “I am not sure it is fair to
say that [global warming] is a problem we must wrestle
with. To assume that it is a problem is to assume that
the state of the Earth’s climate today is the optimal
climate, the best climate that we could have or ever
have had, and that we need to take steps to make sure
that doesn’t change.”
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Dr. Griffin’s opinions should be kept well in mind,
especially when one considers some of the currently
enjoyed results of a warmer Earth. The Wall Street
Journal, for example, reported in 2006 that the growing
season of Greenland’s farms is two weeks longer than
it was in the 1970’s, and that in Washington, D.C., trees
are flowering a week earlier than they did a generation
ago. While flowering trees in the U.S.’ capital might
not matter, the ability to farm more effectively in icycold Greenland is a much enjoyed novelty. 3
It is worth remembering that people have thought
of potential benefits from climate change for hundreds
of years, and have even contemplated actively altering
the climate in the last century.
Hans von Storch, lead author of the IPCC’s “Third
Assessment Report,” notes some of the moments in
recent history when governments have attempted to
reap the benefits of intentional climate change: “Engineering or manipulating with the climate system
became popular in the first half of the 20th century.
Rerouting Siberian rivers was one such example;
another plan was put forward in 1912 with the idea of
changing the Gulf Stream with the purpose of improving climate not only in North America but also the Arctic
and Europe. The idea of modifying ocean currents was
3	Wall Street Journal, July 18 2006, “For Icy Greenland, Global Warming Has a Bright Side”
Lauren Etter
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later pursued by scientists from the U.S., Russia and
other nations.” 4
Dr. von Storch continues, “The idea to change
the course of the Gulf Stream had been put forward
already in the 18th century by Benjamin Franklin, who
envisaged a northward diversion of the Gulf Stream as
a powerful weapon against the British Empire.”
Another perceived attack using climate as a weapon was
a purported Soviet plan in the 1950s to build a “jetty
50 miles or more long out from near the eastern tip of
Siberia. The jetty would … inject increasing amounts
of icy waters into the ocean current that flows down
the west coast of Canada and the United States. The
result would be colder, more stormy weather throughout
North America and enormous losses to the American
economy in agriculture, work days and storm
damage.”
Gregg Easterbrook, editor of The Atlantic Monthly
and contributing editor of The New Republic and
Washington Monthly, also believes there may be many
benefits from global warming for the average human
to enjoy. Not least of which, he says, is the value
of habitable land: “If the global climate continues
changing, many people and nations will find themselves
4	Institute fur Gewasserphysik, Sustainable Research Development Institute, May 2005, “A history
of human perceptions of anthropogenic climate change in the past 1000 years” Hans von Storch,
Nico Steh
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in possession of land and resources of rising value,
while others will suffer dire losses – and these winners
and losers could start appearing faster than you might
imagine. Add artificially triggered climate change
to the volatility already initiated by globalization,
and the next few decades may see previously unthinkable levels of economic upheaval, in which fortunes
are won and lost based as much on the physical
climate as on the business climate.” 5
A study by Camille Parmesan and Gary Yohe of
the University of Texas on the changing habitats and
breeding areas of animals around the world found that
even the simplest animals are taking advantage of
Earth’s increasing hospitable terrain. They believe that
spring is occurring 2.3 days earlier per decade, and that
species are moving up otherwise snow-capped mountains 6.1 metres per decade, while many species are
migrating polewards around 6 kilometres per decade
on the whole. 6
One can view this increased distribution as
encouraging and indicative of man’s true potential
on Earth, or as a warning of the damage already done
to the Earth’s climate. However, regardless of one’s
particular view, nobody should allow themself to
5	Brookings Institution, The Atlantic Monthly, April 2007, “Global Warming: Who Loses – and Who
Wins?” Gregg Easterbook
6	Nature, January 2003, “A globally coherent fingerprint of climate change impacts across natural
systems” Camille Parmesan, Gary Yohe
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forget that the introduction of one species to a habitat
often spells the decline of other species; therefore, the
increased distribution of new animals up mountains
and through otherwise barren areas is not necessarily
good.
Some of the most volatile assets in a warmer world
will be land holdings and real estate developments.
There is much more to the issue than Florida condominiums becoming submerged homes for aquatic
life forms. Consider that, as Mr. Easterbrook says,
“Arizona and Nevada, blazing growth markets today,
might become unbearably hot and see their realestate markets crash,” while a little further up the same
continent, “The splendid, rustic Laurention Mountain
region north of Montreal, if warmed up a bit, might
transmogrify into the Poconos.”
In studying the issue of how climate change alters
the values and possibilities for land, one is quick to
notice that most of the benefits of a warmer climate
will be experienced in northern regions, which are
inhabited by relatively wealthy people from developed
societies.
Such a change in temperature would of course
result in greater disparity between the developed and
developing worlds. Mr. Easterbrook puts it well in one
of his articles: “All other things being equal, we might
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expect continued economic globalization to distribute
wealth more widely. But if climate change increases
the value of northern land and resources, while leaving
nations near the equator hotter and wracked by storms
or droughts, all other things would not be equal.”
If the changes are for the worse, social strife will
surely ensue and could result in conflicts and even wars.
One of two potential hot spots that comes to mind is
Brazil, which would grow too hot for comfortable living and agriculture, and may be pressured into looking
at Argentina to seize the cooler and extremely fertile
pampas located in that country. Another case could be
Pakistan, which already experiences temperatures of
40°C, moving aggressively into the more temperate
Afghanistan, where it has maintained a political and
military presence since 1947.
But in addition to the changing land values,
minerals and agricultural productivity would change
were the world to grow warmer. Huge tracts of land,
such as in Alaska and Russia, containing valuable
minerals would be free of frost and ice that otherwise
inhibits exploration and exploitation. Furthermore,
soils that have never been depleted by excessive
cultivation would be warm enough to successfully
grow many food and fuel crops.
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On top of all that, transportation costs would
decrease drastically as Arctic ice-flows would cease
to exist and no longer prevent trans-Arctic shipping.
Preparations for this are already happening; in 2005,
a Russian research ship was the first vessel to approach
the North Pole without the aid of an icebreaker.
The impact of climate change on forests around
the world is likely to be profound and beyond the expectations of many non-scientists. Most significantly,
changing climate zones will allow forests to spread
to currently unforested areas, though some of those
areas may not be able to support forests for extensive
periods of time due to inappropriate soil conditions.
Furthermore, forests that are damaged by climate
change will not necessarily be replaced by plants more
appropriate for the new climate.
A commonly cited climate-induced danger to
Canada’s forests is the Mountain Pine Beetle, an insect
native to British Columbia which is responsible for
over $6 billion worth of damage to the forestry industry
over the last 20 years. 7 Warmer temperatures in recent
years have allowed the beetle to survive winters in
greater numbers (usually -40°C or colder winter spells
kill the larvae). It is estimated that a 2.5°C increase in
regional temperatures will allow the insect to move into
7

British Columbia Ministry of Water, Lands, and Air Protection, 2002, “Indicators”
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previously unaffected forests, where the forests have
not experienced genetic selection for insect-resistance.
Forest damage would also increase the amount of
carbon eventually released through decomposition.
Climate change will also have an impact on the
world’s vegetation in general. Sherwood Idso, winner
of an Arthur S. Flemming award for field sensing and
a former research physicist with the U.S. Agricultural
Research Service, has performed the world’s most
in-depth experiment regarding atmospheric carbon
dioxide concentrations and its effect on plants. Armed
with well over a decade’s worth of data, he makes
some very interesting points in his peer-reviewed
paper, “Biological Consequences of Increased
Concentrations of Atmospheric CO2.” 8
An obvious but rarely noted benefit of higher
concentrations of carbon dioxide in the air is that
“plants generally grow larger, have more branches or
tillers, more and thicker leaves, more extensive root
systems, as well as more flowers and fruit.” Considering
that could help alleviate soil erosion, fuel shortages,
and malnutrition, a colleague of Dr. Idso, Sylvan H.
Wittwer, adds, “It should be considered good fortune
that we are living in a world of gradually increasing
levels of atmospheric CO2.”
8	Fraser Institute, 1997, “Biological Consequences of Increased Concentrations of Atmospheric CO2”
Sherwood Idso
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Before getting too excited about increased crop
yields and plant growth, however, it may be worthwhile to consider David Suzuki’s warnings about the
potential harm increased carbon dioxide concentrations could have on food crops.
Dr. Suzuki wrote in a recent article, “Many crops
won’t just grow faster in an enhanced carbon dioxide
environment, they will grow differently. Generally,
plants take up nitrogen from the soil in order to create
proteins needed to help convert atmospheric carbon
dioxide into sugars. But at higher carbon dioxide levels this job gets easier, so plants create less protein and
take up less nitrogen from the soil…though scientists
are not sure how serious the problem will be.” 9
The consequences, he explains, could be worse
or better than anyone expects, given that scientists are
still unsure of the effects of increase carbon dioxide
concentrations on plants. But, he warns, we should
be wary of “implications throughout the food chain.
Andreas Fangmier, a German professor of plant
ecology and ecotoxicology, once said that by 2050,
carbon dioxide concentrations could make French fries
poisonous, beer foamless and wheat flour unbakeable.
An exaggeration, most likely, but he raises an interesting point.”
9

The Muskokan, August 23 2007, “Global warming and the food we eat” David Suzuki
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With this plea for caution in mind, it is still very
much worth considering what benefits could be reaped
from carbon dioxide’s positive affect on plant and crop
growth. Before explaining the particular benefits, it is
worth understanding exactly how increased carbon
dioxide concentrations help plants grow faster and
more productively.
There are several reasons for the improved yield
of plants in areas and times of higher carbon dioxide
concentrations. A most interesting one is that increased
carbon dioxide concentrations reduce the size of the
pores through which plants lose water vapour. With
each doubling of the air’s carbon dioxide content, the
water efficiency of plants also doubles.
Furthermore, subterranean creatures like earthworms would benefit from the retained moisture and
extra organic matter in the soil, further increasing the
growth of plant productivity around the world. As
a result, soil quality would increase, in addition to the
plants requiring fewer nutrients in the soil because
“plants exposed to elevated concentrations of atmospheric CO2 do not need to invest as much nitrogen in
their photosynthetic apparatus as it operates so much
more efficiently at higher CO2 levels.”
Some critics, however, suggest that decreased
light intensity due to higher greenhouse gas concen255
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trations would stunt plant growth around the world.
Dr. Idso refutes this, claiming he has found that “low
light intensities do not negate the beneficial effects of
increased concentrations of atmospheric CO2 upon
plant growth and development.”
Other critics legitimately argue that the improved
water efficiency of plants achieved through higher
carbon dioxide concentrations would not result in a net
gain in plant growth around the world, because less
transpiration by plants also means less precipitation.
It is worth keeping in mind though, that worldwide
rainfall has increased each year for several decades,
and will continue to increase by 1% for each one degree
Celsius of warming. And while this increase in precipitation will not necessarily be even or widespread,
the benefits of increased rainfall will be shared around
by the warmer air, which holds significantly more
water vapour than cold air; the Earth’s coldest regions
are about -40°C and hold only 0.0021% of the water
that the air in the world’s hottest regions contain.
Dr. Idso also points to the fact that the seasonal
oscillation of the Earth (i.e. the annual up-down in
carbon dioxide concentrations caused by the seasonal
absorption and release of carbon dioxide by plant
growth and decay in the Northern Hemisphere) has
been growing larger. This means that “the photosyn256
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thetic activity of the Earth’s plant life is growing greater
and greater each year; many suggest that the everincreasing aerial fertilization effect of the steadily rising
CO2 content of the atmosphere is its primary cause.”
Ironically, forests in carbon dioxide-intense
environments end up storing much of the excess greenhouse gas by increasing in mass much faster for longer
periods each year. Dr. Idso describes an experiment
which he performed with orange trees in Arizona,
where the trees “which received 75% more CO2 … have
continually produced over twice as much biomass as
the trees growing in normal air; at our last harvest, we
picked over three times as much fruit from the trees
exposed to the extra CO2.”
Surprisingly, the same applies to ocean life.
Several studies conducted over the past three decades
analyzing 22 aquatic ecosystems have “found that
the herbivore biomass of watery habitats increased in
response to a rise in underwater vegetative productivity
and a number of experiments have demonstrated that
the growth of aquatic plants is also enhanced as the
air’s CO2 content rises.”
The following is the closing note in Dr. Idso’s
fascinating paper: “This development of CO2 concentrations which improve plant growth is fortunate
indeed, for many of man’s activities have conse257

Objective Ecology
quences that are not nearly so benevolent and that truly
do degrade Earth’s ecosystems, leading to massive
reductions in biodiversity. This one beneficent
side-effect of our industrial activities, however, tends
to mitigate the adverse consequences of many facets
of industrialization. In some cases, the increase in the
concentration of atmospheric carbon dioxide more
than compensates. It has clearly resulted in a net
increase in the planet’s vegetative biomass over
the past several decades, as is readily evident from
long-term measurements of the air’s carbon dioxide
concentration.”
Generally speaking, the potential benefits of higher
carbon dioxide concentrations are often overlooked
and rarely accounted for in the cost-benefit analyses
of climate change performed by politicians and
scientists around the world. This is probably partly due
to a number of studies which have indicated that any
gains from climate change would peak and fall rather
quickly, and the pre-ordained conviction of many
environmentalists that any changes in the world’s
climate could not possibly have positive consequences
in the world they battle to keep the same.
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Playing With Fire:

The Potential Harm of Climate Change

Climate change will take as well as give, but to whom we are not yet sure.
– Brett Shore

W

ithout a doubt, climate change will increase the
habitability of some of Earth’s desolate regions,
while destroying beautiful and ecologically significant
areas elsewhere. However, many of those who hold the
view that climate change will make the world worse
for all the creatures under the Sun seem to develop
this opinion after deciding that most of the Earth’s
warming is due to mankind’s irresponsible greenhouse
gas emissions.
With that said, it is very important that those who
wish to understand climate change know the potential
harm that could result from a warmer Earth. Comprehending how global warming can destroy important
aspects of the world’s ecosystems is a prerequisite
for developing a respect for the intricacy of the environment, the delicate nature of all creatures and
systems, and subsequently, the need to be passionate
about reducing one’s ecological footprint.
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Ironically, in 1974 the U.S. was one of the first
countries to recognize the potential ecological and
economic damage resulting from climate change.
After receiving stern reports and demands for action
from scientists all across the free world, the White
House (then occupied by Richard Nixon) established
a climate study panel, which in turn created the United
States Climate Program.
Because the big issue in those days was global cooling, the following excerpts from the Climate Program’s
report may today seem absurd or irrelevant: 1
	The

collapse of the Peruvian anchovy harvest in
late 1972 and early 1973, related to fluctuations
in the Pacific Ocean currents and atmospheric circulation, impacted the world supplies of fertilizer,
the soybean market and prices of other protein
feed stocks.

	Drought

in the Soviet Union produced a 12%
shortfall in their grain production in 1972, forcing
the country to purchase grain abroad, which in turn
reduced world grain reserves and helped drive up
food prices.

	The

anomalously low precipitation in the U.S.
Pacific Northwest during the winter of 1972-1973

1	United States Domestic Council Environmental Resources Committee, 1974, “A United States
Climate Program”

260

Playing With Fire
depleted water-reservoir storage by an amount
which reduced the production of electric energy
for the region by more than 7%.
These examples, on the whole, show how
economic damage resulting from climate change was
immediately obvious to the U.S. government, even
thirty years ago, before the invention of complex
computers and calculating models.
In contemporary climate science, the most
recognized victims of climate change are animals, with
many already in danger of population depletion and
habitat destruction. In other words, the most unfortunate and easily recognized result of global warming
is species extinction.
One example, offered in Tim Flannery’s climate
change manifesto, is Edith’s Checkerspot butterfly,
a native of northern Mexico and southern California.
Warmer, earlier, springs are causing snapdragon flowers to wilt earlier, which in turn leave the larvae of the
butterfly hungry and weak. While the situation would
be manageable if butterflies were able to migrate north,
all the potential habitat in the region has been covered
in concrete and converted into San Diegan urban
sprawl. 2
2

HarperCollins Publishing Ltd., 2005, The Weathermakers, Tim Flannery
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Another example which also shows the intricate
layers of biodiversity that rely on each other for support
is the Winter Moth. The larvae of this common creature
rely on the new leaves of established oak trees, which
are only soft enough to eat for a few weeks each spring.
In recent years the development schedules of these
butterfly and tree species have been thrown out of
balance by the increasingly hot springs but relatively
cold winters. Winter Moth eggs hatch when the world
becomes warm after winter, while oaks develop leaves
only after a certain number of cold, dark winter days.
The problem occurs when the larvae hatch early
and find no leaves ready for consumption; any larvae
that are still alive approximately three weeks later when
the leaves develop have no competition and therefore
grow extremely quickly. Small birds which used to eat
the larvae now find neither an abundant supply nor
any worms of an appropriate size, and therefore starve
as well.
Yet another example offered by Dr. Flannery
are those species whose gender is determined by
temperature. The Painted Turtle and most crocodiles
and alligators are experiencing extremely unbalanced
proportions of male and females. While the turtle is
developing an all-female population due to high winter
temperatures, crocodiles and alligators are expected to
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have precisely the opposite problem because only males
are hatched when temperatures are above 32°C.
Other creatures which have disappeared already,
allegedly due to global warming, are the Golden Toad,
whose mating habits in Costa Rica could not accommodate 1987’s El Niño dry spring, and the Gastric
Brooding frog, who disappeared in 1984 after brief
rains left eastern Australia dry. Countless others may
soon be listed, as climatic patterns change and rainfall
distribution is altered.
In addition to specific species at risk, entire habitats
and ecosystems are prone to destruction in the face
of climate change. The most advertised – and most
expensive, given that it yields $30 billion annually
in tourist dollars – is the Great Barrier Reef off the
western coast of Australia. Not only do five sovereign
nations, representing over 10 million people, live on
coral atolls, but over 25% of the ocean’s creatures live
on or around coral during their lives.
Climate change threatens these prosperous ecosystems by warming the surrounding water, which
leads to coral bleaching. The bleaching is actually the
result of long-term starvation of the coral; the algae
which feeds the coral through photosynthesis is no
longer able to produce sugars in hot water, and is
ejected by the coral itself.
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After two or three weeks without food, the coral
turns white and either dies or grows weak, taking
decades to recover. Under this threat, almost 90%
of the Great Barrier Reef’s area has already been
damaged, and in 2003 the Australian government
committed to protect 30% of the remaining coral
growths by protecting them from commercial or
tourist development.
Also, more general environmental damage
resulting from climate change threatens aquatic and
land-lubbing species alike. For example, as waters
grow warmer, cold water fish are having to move almost
1.5 kilometres north per decade to avoid the warm
water fish invading their habitats. Also, higher levels
of precipitation may lead to widespread flooding,
landslides, avalanches, and soil erosion.
Furthermore, hotter summers with less precipitation in some areas could cause forest fires in rapid
succession, to the point that the ecosystems are
incapable of recovering. Some scientists have also
proposed that great equatorial forests like the Amazon
could become drier, resulting in a die-back of tree
growth and loss of habitat for thousands of creatures.
In addition to heat waves and subsequent
droughts, the IPCC scientists and Hadley Centre
researchers believe that without a grand-scale reduction
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in greenhouse gas emissions, by 2100 the Earth will
have twice as much area affected by drought.
That is to say, while currently 25% of the Earth’s
surface experiences drought on a regular basis, by
2100 over 50% would be drought stricken. On the flip
side, North Americans would generally be significantly
better off and would be receiving more precipitation
in moderation throughout the year.
The main cause of the increase in drought-prone
areas would be more intense summer drying over midlatitude continental interiors, in spite of the fact that
overall precipitation will increase. The increased
amounts of rainfall would be offset by enhanced
evaporation and redistribution of precipitation, which
would leave some new areas well-watered and others
thirsty.
When considering the subjects of water and
climate change, one almost immediately thinks of rising
sea levels. With more than 200 million people living
in coastal floodplains, and 22 of the world’s 50 biggest
cities within a few kilometres of the ocean, much of
humanity depends on relatively stable and predictable
oceanic activity.
The extent to which oceans would rise if climate
change keeps its current course is anything but predictable. John Holdren, president of the American
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Association for the Advancement of Sciences, said
that if carbon emissions aren’t curbed “a catastrophic
sea level rise of four metres this century” could be the
result.
On the other hand, Tim Naish, from the Institute of Geological and Nuclear Sciences, believes sea
levels could rise by 10-12 metres if the west Antarctic
ice sheet and northern ice sheet on Greenland were to
melt. But yet another prediction, this time by IPCC,
says that at most sea levels would rise 0.1 to 0.9 metres
this century.
In addition to raising sea levels, a recent Lehman
Brothers report noted that in a warmer world the Gulf
Stream would slow until it no longer brought Southern
Hemisphere heat into the North Atlantic: “Many
scientists consider that the Gulf Stream may slow
(it has already decreased by 30% since 1957) as fresh
water from melting Arctic and Greenland ice reduces
the salinity of the oceans that is believed to be fundamental for such ocean circulation. A weaker Gulf
Stream might, paradoxically, reduce temperatures in
the countries where coasts are usually warmed by it,
most notably the United Kingdom, Ireland, France,
and Norway.” 3
The same Lehman Brothers report mentions
a very interesting and perceptive rebuttal to the con3

Lehman Brothers, February 2007, “The Business of Climate Change”
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clusion that climate change would greatly improve
crop diversity and yield. The report points out the
simple fact that “the scenario of rising temperatures
stands to increase heat stress in livestock,” resulting
in fewer areas where cattle and other domesticated
animals could be raised. This may actually be for the
better, though, because then more feed-crops would be
directed towards the production of ethanol.
This leads to a general consideration of the economic costs climate change may impose on global
the society. Many economists with different biases
and agendas have put time and effort into predicting
the adverse financial and industrial toll which would
result from global warming, and as a result a variety of
proposals have been made.
Some report potential gains, while others warn of
imminent economic collapse. Most agree, however,
that continued rates of pollution by developed and
developing nations will inevitably lead to a fall in the
economic well-being of the world as a whole. Even
China, which is notorious for degrading the environment with impunity, released a report in September
of 2006 stating that environmental pollution accounted
for a 3.1% loss of their GDP in 2004.
One striking evaluation of climate change and
economic cost was made by Swiss Re, a leading insur267
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ance company. The company disclosed that the cost
of natural disasters exceeded $230 billion in 2005,
compared to $120 billion in 2004. Among other results,
this would make it much more difficult to purchase
insurance for a house. 4
Effects of 2ºC Warming on GDP
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Four key environmental economists were evaluated
in the recent Lehman Brothers report, each offering
very different views. Jack Mendelsohn held that a 2°C
increase in global temperatures by 2060 would lead to
overall market benefits for developed countries, and
4	Sprott Asset Management, 2006, “Investment Implications of an Abrupt Climate Change” Eric Sprott,
Kevin Bambrough
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minor damages for developing countries. According to
him, global GDP would hardly be affected at all.
Richard Tol, however, reported that net benefits
would be derived from a 0.5°C increase in global temperatures. Such a warming would result in a 0.5% to
2.5% increase in GDP, depending on the model used.
However, he warned that any warming beyond 1°C
would yield negative economic consequences. It is
worth mentioning again that global temperatures are
expected to increase by over 2°C worldwide, even if
carbon emissions are stabilized in the near future.
On that note, the World Health Organization is
warning against the dangers of climate change with
human health in mind: “Climate change has a range
of complex interlinkages with health. These include
direct impacts, such as temperature-related illness and
death; the health impacts of extreme weather events;
the effect of air pollution in the form of spores and
moulds. Other impacts follow more intricate pathways
such as those that give rise to water- and food-borne
diseases; vector-borne and rodent-borne diseases; or
food and water shortages.” 5
Nonetheless, there are historical examples of
action finally being taken on issues like climate
change when the wealthy or powerful were affected by
5

World Health Organization, 2003, “Climate change and human health”
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threats to their comfort or health. For example, during
the “Great Stink” in 1858 the human effluent floating
down the River Thames in London smelled so bad that
the House of Commons had to be evacuated. While
poor Londoners had been living with the filthy stench
for generations, the representatives passed a bill only
18 days later to start building a proper sewage system,
which would coincidentally rid London of its chronic
cholera problems.
Another example is, in appearance, opposite in
every way to the Great Stink, except for its likely
impact on the world’s rich, famous, and influential:
Wine is revered for its lovely bouquet (or smell), and
people spend fortunes to accumulate more of it. Unfortunately, global warming will reduce the amount of
wine available to an increasingly affluent population;
global wine production, at least from present sources,
could drop by 8% by 2060 if current warming trends
continue. 6
Worldwide, wineries are experiencing warming
temperatures which change the delicate sugar and
alcohol levels of grapes. By the end of the 21st century,
France’s Champagne region is expected to be too warm
for Pinot Noir, Pinot Meunier, and Chardonnay grapes,
while Germany’s Rhine Valley will have to grow
6

Checkerspot Magazine, Spring – Summer 2007, “Wine rack shuffle” Jennifer Eldridge
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Merlot and Cabernet in place of the Riesling grapes it is
famous for. Also threatened by changing temperatures
are California’s Napa Valley, South Africa’s Western
Cape, and Australia’s Murray River.
While the damage which could be done to wine
production around the world bears little to no significance when compared to the millions who will become
refugees due to climate change, it is worth keeping
in mind the potential benefits derived from a direct
climatic attack on the lifestyles of wealthy individuals.
Many would agree that it would be ironic, but nonetheless useful, if climate change caused them to renounce
their SUVs and monster homes.
On a more dire note, the World Health Organization (WHO) recently estimated that climate change
is responsible for approximately 150,000 deaths
per year, and that this figure could double if global
average temperatures were to experience a 1°C increase.
One can see quite easily from the graph below that
Asia and Africa are likely to suffer most from climate
change.
Africa is deemed to be the most vulnerable to the
negative consequences of climate change because its
life-giving rivers would either slow, stop, or change
course completely. However, the exact effects of
changing weather patterns upon the rain-fed crops
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of sub-Saharan regions are unknown, given that many
crops would require less water and develop deeper
root-systems as atmospheric carbon dioxide concentrations increase.
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Africa, and the world as a whole for that matter,
could suffer from the predicted effects of climate
change on food production. Grain production averaged
1.8 billion tonnes per year between 1996 and 2003,
but between 2000 and 2003 grain stocks declined,
culminating in a consumption shortage of 93 million
tonnes. India and the U.S. in particular suffered in
terms of food production due to drought and high
temperatures. Overall, the IPCC’s “Third Assessment
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Report” concluded that agricultural production will
decline by 30% over the 21st century. This is particularly
disturbing when one takes into account that over
170 million children under five years of age suffer
from chronic malnutrition. 7
Many are quick to mention the European heat
wave in 2003 as an example of climate change killing
at least 26,000 people. While that summer was hot
enough to be marked as an event that occurs only every
46,000 years, even the WHO warns against condemning this as the result of burning too many fossil fuels:
“An excess of heat-related deaths in a particularly hot
summer, or even a succession of hot summers, indicates
the potential for climate change to increase mortality,
but it does not prove that mortality has increased as
a result of climate change.” 8
In addition to global warming not necessarily
being responsible for killing people with extreme
weather, the WHO also believes climate is not necessarily responsible for an increase in disease around the
world.
While warmer temperatures and increased rainfall
may lead to a greater versatility of malarial strains,
there is no scientific consensus on the role of mosquitoes or the parasites that cause the disease itself in
7	Save the Children United Kingdom, 2007, “Legacy of Disasters: The impact of climate change
on children”
8

World Health Organization, 2003, “Climate change and human health”
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a warmer world. The WHO says, “The lack of precise
knowledge of current disease incidence rates makes
it difficult to comment about whether incidence is
changing as a result of climatic conditions.”
Other basic objections come to mind as well.
Most obviously, increased rainfall may cause malaria
in some places, but decreased rainfall will limit the
disease in other areas. Also, an increase in the number
of malaria victims in wealthy countries will probably
lead to increased investment for a cure. While morbid,
this latter objection may in fact benefit more people
for longer than the current situation.
This does not mean, however, that the WHO is
convinced that climate change won’t affect human
health. Indeed, as mentioned before, the WHO
estimates that global warming is killing 150,000 people
each year through a variety of means; but the organization does urge citizens not to panic, and like many
doctors insists upon a reasonable diagnosis before
taking action. Nonetheless, the potential dangers of
climate change are now being taken so seriously that
even non-scientific entities have started researching
how a warmer world will affect their work.
For example, Save the Children, a youthoriented non-profit organization has concluded that
climate change will be responsible for natural disasters
274

Playing With Fire
affecting 175 million children each year in the next
decade. In addition, 50 million environmental refugees
will be displaced, most of which will be children, by
2010, perhaps even leading to a 15% increase in child
mortality due to malaria by the end of this century.
In closing this evaluation of the destructive nature
of climate change, it is appropriate to address the
concept of opportunity cost, one of the most basic
principles of economics.
Bjørn Lomborg noted this well in a paper published
in 2006: “Spending just 1% of GDP or $145 billion
each year to cut carbon emissions seems on the surface
like a sound investment. In fact, it is one of the least
attractive options. By spending just a fraction of this
figure – $75 billion – the UN estimates that we could
solve all of the world’s major basic problems. We
could give everyone clean drinking water, sanitation,
basic health care, and education right now. Is that not
better?” 9
“We know from economic models that dealing
with just malaria could provide economic boosts to
the order of 1% extra GDP growth per capita per year.
Even making a very conservative estimate that solving
all the major basic issues would induce just 2% extra
9	Wall Street Journal, November 2 2006, “Stern Review: The dodgy numbers behind the latest
warming scare” Bjørn Lomborg
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growth, 100 years from now each individual in the
developing world would be more than 700% richer.”
The Save the Children report on climate change
also points out that in many developing countries,
livelihoods depend on natural resources, like fruit and
wood, which could be threatened by climate change
in the near future. Because many developing nations
lack child support services, children would likely
suffer disproportionately.
Whether it is the elderly in France or the children
of sub-Saharan Africa who suffer from climate change,
the problem is global and therefore requires global
action. But we would do well to keep Bjørn Lomborg’s
ideas in mind, and make sure that when we do act it
is in a responsible and efficient manner, rather than in
a haphazard, passionate frenzy.
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XVII

The Role of Forests in the Carbon Cycle

Let us give thanks for the water and the forests,
without which life would not be possible.
– Lakota Indian Prayer

T

he great forests of the world have appropriately
been described as the Earth’s lungs, and for very
good reasons. Healthy trees take in carbon dioxide
through their leaves, convert it through photosynthesis
into wood fibre and thereby store carbon while emitting
life sustaining oxygen.
If the increasing concentration of carbon dioxide
in the atmosphere is shown to be a prime culprit in the
Earth’s warming process, then the health of the world’s
forests is critical to restoring nature’s balance.
Before examining whether credits should be given
to the forest industry for carbon captured in healthy
forests, it is important to briefly review the basic
process of photosynthesis which turns carbon dioxide
and sunlight into sugars. Through this process,
living biomass is produced, storing carbon in the
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trunks, branches and roots of trees, as well as in the
soil.
Approximately 50% of the wood matter by weight
in a tree is carbon, which continues to be stored as
such even when a tree stops growing. When trees are
cut down, a small portion of the biomass is released
as carbon back into the atmosphere. 1
The wood products manufactured from the tree
retain their carbon through their life cycle, until these
products are burned or naturally decompose. The soil
beneath the tree, if left substantially undisturbed, also
retains its carbon and prepares the way for new trees
to grow.
The portion of a tree converted into wood or
other forest products generally represents 50% of
a tree’s carbon; 30% is found in its branches and leaves
while 20% is in its root system. In a temperate forest,
the same amount of carbon that is stored by trees is also
stored in the soil. The underground carbon (including
roots) therefore represents approximately two thirds of
the carbon contained in a healthy forest, although this
differs by region. The reason for this is that forests and
soil conditions are so diverse, and what may be true
for the boreal forests may not apply in the Amazon.
1
Sierra Club of Canada, September 2003, “Forests, Climate Change, and Carbon Reservoirs: Opportunities for Forest Conservation” Martin von Mirbach
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What is clear is that the removal of trees from
a forest without natural regeneration or planting
eventually does diminish the carbon stored in the
soil; how much and how fast, however, is not yet
fully known. What is known is that indiscriminate
logging and deforestation increases the carbon loss
dramatically and substantially beyond the carbon
contained in the trees. 2
The process that absorbs carbon from the atmosphere through the growth of vegetation, which
includes agricultural crops, trees and even weeds,
is referred to as a carbon sink. Forests obviously
perform a more valuable carbon extraction and storage
role than agricultural crops because of the absolute
size of the trees and their longer storage lives. Furthermore, if converted into wood products, the life cycle
is extended indefinitely.
A carbon reservoir, in turn, is the actual pool of
carbon stored in the solid wood and forest biomass,
or dead organic matter in forest soils and peat lands.
A young growing forest can be an extremely efficient
carbon sink, but an old forest with its higher volume
of carbon and slower growth is largely a carbon
reservoir.
2

Haliburton Forest and Wildlife Reserve, August 2007, “E-mail correspondence” Peter Schleifenbaum
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Getting recognition for natural and managed
forests as carbon sinks and carbon reservoirs remains
controversial. There are, however, solid reasons for
environmental and government organizations to reopen the case for forest growth to be recognized
for its valuable role in extracting carbon from the
atmosphere.
Peter Schleifenbaum, president of the Haliburton
Forest and Wildlife Reserve, succinctly summarizes
the case: “Those concerned with carbon emissions
in the atmosphere have realized that there are
three large systems on the globe affecting carbon
storage or release. The first two are the world’s oceans
and soils. Both are largely outside our control. Humans
cannot control the release or sequestration of carbon in
the oceans, and only to a limited extent in the soils. The
third storage system is the world’s forests and here we
potentially have almost full control. This is the most
important argument for including forests in the carbon
climate change debate.”
Dr. Schleifenbaum, however, points out: “At the
same time, if we crunch the numbers on what we can
accomplish with forests and what perhaps needs to
be accomplished it becomes clear how precarious our
– humankind’s – position really is, since the overall
emissions are huge. This is no reason, however, for us
not doing what we can.”
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The Sierra Club has identified several initiatives
which, if implemented, would greatly increase
the capacity of forests to store carbon. The first is
setting aside forest reserves, or restricting logging
within natural forests. The second is lengthening the
rotation age of managed forests, by marginally increasing the average age of the forest and thereby the amount
of the carbon reservoir. The third is selective logging,
which opens the canopy to the most productive trees
in order to increase the total amount of on-site biomass.
The fourth is forest restoration through more careful
management, and the fifth is more extensive urban
forestry. While these last two initiatives do not
currently qualify for credit under the Kyoto Protocol,
if implemented, they could lead to the sequestration
of a significant amount of carbon. 3
One may well wonder why the debate over global
warming has not focussed more intensely on the role
of the world’s forests in neutralizing excess carbon
emissions.
The answer is partly due to the world’s largest
forests being located in the Amazon region of South
America, Russia and North America. With the
exception of equatorial Africa, the continent is largely
savannah and desert, while forest lands are being
3	Sierra Club of Canada September 2003, “Forests, Climate Change, and Carbon Resevoirs: Opportunities for Forest Conservation” Martin von Mirbach
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rapidly denuded in much of Asia, and in particular
Indonesia.
At the time of the Rio and Kyoto conferences in the
1990s, Brazil, Russia and the U.S. had very different
reasons for their failure to promote the contributions
their forests could make to a balanced and healthier
world environment.
Brazil was embarrassed by its inability to halt the
widespread burning of the Amazon jungle to create
ranch lands and to produce charcoal. It could no longer
deny the devastation taking place, as satellite photographs viewed daily by the international community
monitored hundreds, if not thousands, of forest fires
burning in its northern regions.
Russia was in a state of economic depression
following the collapse of its Communist regime.
Uncompetitive industrial plants were being permanently closed, significantly reducing the country’s
overall carbon emissions. At the time, their leaders were
more pre-occupied with stabilizing the government’s
finances and avoiding civil unrest than with protecting
the future of their valuable natural heritage.
Russia therefore had little interest in participating
in a debate on the health of the world as a whole, and
even less in signing a multi-lateral agreement, the
consequences of which few could comprehend at the
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time. In any event, for a variety of reasons, the country
was rapidly reducing its greenhouse gas emissions
which meant there was little need to make a case for
its forests to help balance its carbon ledger.
Europe, on the other hand, being the most interested and conversant with the issues debated at the
time, recognized the limitations of its forests and
consequently its inability to benefit if forests were
accorded favourable treatment. Also, a “green conscience” movement in Europe encouraged actual
mitigation of emissions over recognizing storage of
emissions. Instead it supported qualifying forestry
programs in developing countries as a lower cost
method for its industrial corporations to acquire offset
carbon credits.
The U.S., which is rarely in favour of multi-lateral
agreements which provide other countries with the
ability to impose obligations on it, to a large extent
sat on the side lines. Its representatives fully expected
legislators to withhold their approval of the country’s
participation in the Kyoto Protocol.
Furthermore, the vast majority of the forest lands
located in the U.S. are held by a few large forest product
companies and hundreds of thousands of individual
woodlot owners. As explained later, the forest product
companies also had more pressing issues on their
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minds, while the woodlot owners paid little attention
to the esoteric environmental issues being debated far
away from their home towns and current interests.
Canada was in a very different situation. It had
the most to lose by signing the Kyoto Protocol and if
it did, the most to gain by emphasizing the positive
contribution its forests made in reducing carbon
concentrations in the atmosphere. The country’s fast
population growth rate and rapidly expanding economy, led by the carbon-intensive oil sands processing
facilities in Alberta, placed Canada in a precarious
position in making carbon commitments.
Since Canada’s actions through the debate leading
to the ratification of the Kyoto Protocol provide such
an interesting case study of politics overruling science
and economic priorities, the balance of this chapter
will focus primarily on the country’s failure to evaluate
the long-term consequences of the decisions made.
The next chapter will deal with how the forests of
the world could be rewarded for their valuable role
in capturing and storing carbon and how this could be
enhanced in the future.
Canada’s top political leadership when it signed
the Kyoto Protocol agreement in 1996 was preoccupied with humanitarian relief and cementing its
legacy on the international stage. Caring for Africa and
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broader world issues appear to have taken precedence
over Canada’s long term economic well being.
Furthermore, there was little effort made to protect
the interests of the country’s rapidly expanding energy
sector. Unfortunately, this sector’s philosophical views
and financial interests had historically been, and
continued to be, diametrically opposed to those of
the federal leadership. In fact, twenty years earlier,
members of the same government had played key
roles in the draconian National Energy Program,
implemented to heavily tax the industry and indirectly
curb the economic and political power emerging in the
province of Alberta.
In hindsight, it is clear that two significant misjudgments were made in signing the Kyoto Protocol.
Influenced by the personal politics of its government
leaders at the time, Canada failed to protect one of
its most valuable resources: The Alberta oil sands,
the largest oil resource of any Western country and
strategically located next to the U.S.
Although profitable, the oil sands industry was
still in its early stages of development, requiring the
further dedication of large amounts of capital. The
companies developing this resource also continued
to face inordinate ongoing risks associated with the
stability of their revenues, which depended to a large
extent on events in the Middle East.
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Having invested heavily over a period of more
than thirty years, leading world-class technologies
had been developed to recover oil from this massive
resource. If there ever was a national treasure, this
resource, together with the related infrastructure and
proprietary technologies, certainly ranked very high
on any scale. Instead, the industry was left to face
continued uncertainty on the future treatment of
emissions, taxes and carbon mitigation costs.
The other natural resource the Canadian government overlooked at the time the Kyoto commitments
were negotiated was the country’s forests. For many
years, the forest industry had played a major role in the
settlement and development of the country. However,
it had entered a difficult period, competing against
lower cost regions with less restrictive regimes.
The Canadian government representatives, in
negotiating the country’s participation in the Kyoto
Protocol, clearly failed to look out for its forest industry
and properly recognize the valuable contributions it
could make to the world’s environmental health.
The failure to link the rapidly rising emissions
from the Albertan oil sands with the potential for
the country’s forests to absorb additional carbon has
diminished Canada’s overall wealth and could retard
economic growth for years, if not decades to come.
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Indeed, Thomas d’Aquino, chief executive and
president of the Canadian Council of Chief Executives,
epitomized this need in a recent letter to Green Party
leader Elizabeth May. He said, “Our key point is that
if Canadians are to make a meaningful contribution
to addressing the issue of climate change, we must forge
consensus on a national plan that would see business,
consumers and all levels of governments working in a coherent way toward common goals.” Were
Mr. d’Aquino’s opinion shared by Canada’s foremost policymakers, the country’s forestry and energy
sectors would probably be in much better straits,
resulting in a stronger national commitment to reduce
carbon emissions. 4
In any analysis of the Canadian forest industry,
it is essential to bear in mind the fundamental structural
differences which distinguish it from that of the U.S.
and most other areas of the world. Therefore, before
Canada concludes its involvement in any future worldwide environmental protocol, special consideration
should be given to its unique forest ownership and
management structure and the complexities as well
as the opportunities they provide.
4	Canadian Council of Chief Executives, October 5 2007, “The beginning of a national consensus: Response to the Green Party’s endorsement of the CCCE policy declaration on climate change” Thomas
d’Aquino
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Canada has approximately 10% of the world’s
forests, and approximately 90% of these forests are
owned by the provinces, whereas in the U.S. the
private sector owns most of the forest lands. As
a result, the private forest owners in Canada operate in
the shadow of provincial governments which exercise
significant jurisdiction over their lands. They essentially determine the supply of timber made available
for processing and hence indirectly the prices and also
the value of the forests themselves. 5
The Canadian forest industry itself is not free from
blame for the mistakes made in evaluating Canada’s
environmental position when Canada signed on to the
Kyoto Protocol. Notwithstanding that the industry had
much to gain, it was and continues to be essentially
silent in the carbon credit debate, so far as it relates to
the country’s forests.
This is largely due to the industry’s preoccupation
with more pressing financial problems. It needed to
deal with its survival, especially when its competitive
position deteriorated in more recent times with a significant rise in the value of the country’s currency. In
addition, it was distracted by a costly and debilitating
trade dispute with the U.S. over the export of softwood
lumber.
5

Natural Resources Canada, 2000, “The State of Canada’s Forests”
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In order to survive, many of the leading forest
product companies divested themselves of their forest
lands to provide essential cash to invest in their capitalintensive pulp and paper businesses. As a result, there
are few integrated forestry companies remaining
in Canada today, and most of them continue to have
higher priorities than laying claim to what they
perceived to be ill-defined, but nonetheless auspicious
future carbon credits.
In their haste to divest their forest lands, these
companies overlooked the critical fact that forests are
one of the world’s most effective carbon sinks, and
hence, have more value than was generally ascribed
to them before carbon dioxide emissions became
a world-wide concern.
A further reason for forest owners being poorly
represented in recent environmental issues, is the dominance of the forest product companies in the industry
councils and their dealings with the government.
The pulp and paper mills have always considered it
more important to win delays in introducing particular
emission caps and other costly environmental programmes, than achieve carbon credit status for the
forest segment of the industry. An inherent conflict has
therefore developed among industry members with the
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manufacturing segment taking precedence over the
resource owners.
A compelling new case needs to be made for the
owners of these forests to be compensated for the
valuable role their assets play in mitigating carbon
dioxide accumulations. Appropriately structured, this
would in turn encourage the private sector owners
of forests to upgrade their holdings to enhance their
ability to store additional carbon.
In time, a whole new private sector forest services
industry could evolve, with similar objectives and
responsibilities for managing significant governmentowned forests. The next chapter will explore these
possibilities further.
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XVIII

Just Rewards:

Encouraging Forest Stewardship

If we knew what we were doing, it wouldn’t be called research
– Albert Einstein

I

t is in the interests of the owners of forests to
organize themselves to broaden the recognition
given to their assets under the Kyoto Protocol and
UN climate conventions. They need to aggressively
promote the positive carbon storage role their forests,
and wood products in particular, play over their life
cycle. To achieve this, they must establish credible
systems to accurately measure the increased carbon
sequestrated in their trees and forest lands.
If these objectives are accomplished, forest
owners potentially have much to gain. Governments
should be natural allies of private woodlot owners in
their quest for fair treatment in the allocation of credits
for carbon sequestered in forest lands.
By making the upgrading of forests financially
rewarding for their owners, they will be encouraged
to further their efforts to develop higher yielding and
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higher carbon-storing forests. In increasing the cubic
metres of wood left standing each year, they should
receive carbon credits which could be sold to compensate them on a carbon-equivalent basis for the growth
and improved quality of their forests.
To qualify, forest owners would need to meet
recognized international stewardship standards and
make commitments similar to those currently being
made in selected jurisdictions to qualify for forest
realty tax abatements. These commitments could be
registered as a charge against the properties to ensure
their enforceability.
More interesting is the potential to build a forest
services industry which would provide employment
to thousands of individuals located in the smaller towns
and villages across each country. In due course, a viable
forest services industry could bid for the rights to take
care of and upgrade government-owned forests.
Their rewards for managing government-owned
forests would be in the form of tradeable carbon credits
related to improvements achieved above historical
thresholds. The successful implementation of such
a system could be both economically and environmentally rewarding and much more effective than leaving
the government-owned forests under the current
management systems.
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Success in getting recognition for the incremental
carbon sequestrated in the rural forests would ensure
that significant financial resources are retained and
redeployed in local communities and not used to
purchase carbon credits from E.U. countries, or others
like Russia.
To provide a sense of the potential amounts
of money involved, consider that a tree the size of
a standard telephone pole contains approximately one
tonne of stored carbon. 1 It is estimated that the careful
husbandry of a typical 100 acre North American
woodlot could add 400 cubic metres of wood fibre each
year, with each cubic metre equivalent to approximately
one tonne of carbon, or 3.7 tonnes of CO2 equivalents
(COe). This would generate approximately $15,000
a year in carbon credits, based on a rather conservative
future price of $10 per tonne, once the carbon credit
markets are fully functionable.
It is worth noting that in the tropics, or fast
growing Brazilian forest plantations, the growth rate
can be as much as ten times greater than experienced
in North America. Should the Southern Hemisphere
countries be persuaded to adopt a similar forest management and reward system, the massive deforestation
of old growth trees could be significantly curtailed.
1	Ontario Ministry of Natural Resources, 2007, “Carbon Storage in Ontario’s Forests, 2000 – 2010”
S.S. Chen, M. T. Mikaelian
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Equally important is obtaining recognition for
the carbon stored in wood products. Unfortunately,
this will continue to be an uphill battle as the UN
has established carbon accounting guidelines which
effectively treat every tree removed from a forest for
the production of lumber or other products as if it is
instantly converted into greenhouse gases.
On the other hand, wood fibre used to fuel power
plants is considered carbon neutral and receives carbon
credits when it displaces fossil fuels. At its core,
this contradiction is inexplicable, but does provide
a reasoned basis for revisiting the case for better treatment of forests generally, and in particular, wood
products which have a long life cycle.
Taking into account the wood that is devoted to
structural panels and framing timbers, furniture and
other wood products, Canada’s forests, left essentially
unattended, are estimated to account for approximately
2 billion tonnes of incrementally stored carbon over
the next century, versus approximately 350 million
tonnes based on the UN’s restrictive measurement
guidelines.
It is to Canada’s severe detriment that forests, as
carbon sinks are only partially recognized under the
Kyoto Protocol for the role they play in absorbing
and storing carbon. The principal reason given is
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the lack of proper measurement methods, and the
consequent concern over potential loopholes that could
allow woodlot owners to sell credits without actually
ensuring that their forestry practices mitigate carbon
dioxide gas emissions, and hence climate change.
Similar reasons are advanced for the IPCC guidelines for measuring the impact of forests on global
warming, not giving proper credit for carbon stored in
building materials, furniture and paper used for books.
It is argued that it would be virtually impossible to
accurately predict the longevity of these products.
In the words of the Sierra Club, “Paper used to
print a Bible lasts longer than toilet paper, while lumber used to make furniture lasts longer than moldings
for poured concrete. Forest products discarded in
a landfill may rapidly decay, or could last more or less
indefinitely in an anaerobic landfill, or might contribute to methane emissions, depending on the particular
landfill.”
This argument lacks validity as accounting,
engineering and other professions have developed
acceptable standards for measuring sophisticated
industrial processes, complex financial transactions
and many other types of dealings between people,
corporations and governments.
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In fact, the measurement of carbon emissions
from motor vehicles, industrial plants and other dayto-day activities is equally subjective and open to
manipulation, and yet these measurements are considered suitable for determining each country’s or
corporation’s carbon position.
The failure of Canada and other major forestowning countries to address, at the outset of the Kyoto
Protocol discussions, the critical environmental role of
their forests, and especially the potential to enhance
their role, has clearly allowed a significant inequity in
the underlying theory of carbon accounting to persist.
Amending the UN carbon accounting guidelines
and establishing credible validation procedures should
be among the highest priorities of the private and public
sector forest owners. This is especially applicable
to those forests located in North America, where the
owners are better equipped than most other countries
to manage their holdings on a sustainable basis, and
add meaningfully to the inventory of stored carbon.
Obviously the carbon released by forest fires and
insect infestations, as well as from trees which reach
a stage of rapid decay, would be taken into account
in calculating the net fibre inventory variation between
periods.
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The potential for carbon reservoirs to periodically
decline is one of the reasons advanced by Canada, as
late as December 2006, in support of not including
forests in its overall carbon calculations. In making
this decision, the Canadian government no doubt had
in mind the exceptional devastation caused by the
Western Pine Beetle. This could possibly result in the
country’s managed forests, calculated on a consolidated basis, being a net source of carbon emissions
at various times in the 2007 to 2012 period.
Using this exceptional event as a justification for
omitting forests from the country’s carbon ledger is
based on short-term thinking and not on the long-term
welfare of the country.
The position taken by the Canadian government
also shortchanges other unaffected forest owners
within the country who diligently manage their holdings and are free of such blights. Furthermore, after
2012, even if the forests are left unattended, they
should act as meaningful carbon sinks, which is
consistent with 12 of the last 16 years.
A longer-term vision would also recognize the
tremendous scope available to consistently upgrade
the North American forests over the course of the next
century. By increasing the annual net fibre reservoir,
substantial offsets would be available to balance
carbon emissions from other sectors of the economy.
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The case for property owners to receive carbon
credits for the improvements they make to their
forests is assisted by the previously mentioned fact
that scientists have come around to accept that forest
biomass is an environmentally-friendly alternative
energy source.
Burning forest waste, whether small branches,
saw dust, or wood pellets, to create steam and generate electricity is deemed to be a carbon neutral process
and is regarded as renewable energy. That is, the trees
cut down for this purpose are presumed to be replanted,
or naturally regenerate, to eventually re-capture an
amount of carbon over time equivalent to that released
in burning the wood and forest waste.
The carbon cycle logic used to justify forest
biomass as a benign renewable carbon fuel should also
apply to the “tree farmer” who tends forest lands on
a sustainable basis to increase the health and the
absolute quantity of standing timber. That is to say,
they should be entitled to receive compensation each
year for the incremental cubic metres of wood on their
lots.
Whether it be a small woodlot owner or a government-owned forest, the additional carbon sequestration
should be taken into account in measuring corporate
or national compliance with their carbon emission
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targets. In anticipation of achieving this recognition,
the development of effective measurement and verification procedures to authenticate the forest growth
and validate the net carbon sequestrated in each
qualifying forest at the end of each reporting period,
should become a priority.
Before concluding the discussion on the carbon
storage role of forests, it is worth expanding further
on the longevity of certain forest products and some
of the other assumptions underlying the related carbon
accounting standards set by the UN.
It is obvious that the portion of harvested trees
converted into wood products, such as those used in
a home, should, over time, create an expanding reservoir of stored carbon. There can also be no doubt
that the world’s housing stock will continue to expand
and be upgraded using ever larger quantities of wood.
In addition, better types of trees are being grown to
replace those harvested which will in turn produce
higher quality and greater quantities of lumber.
It is worth noting that structural lumber used in
building homes and certain other wood products have
on average a life cycle of 50 years or more, versus
carbon dioxide which takes approximately 100 years
to dissipate in the upper atmosphere.
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Giving recognition to the valuable carbon conversion role of forests, and thereby incentivizing
their owners, should have a profound impact on the
number and quality of the trees available to produce
long-lasting furniture, mouldings, flooring and other
building materials.
Even more important, the incremental demand
for long-cycle wood products which contribute to
a growing carbon reservoir, and the financial incentives which motivate owners to increase forest mass,
will also improve forest biodiversity and the world’s
ecological well-being.
Further on this point, encouraging the rebuilding
and productivity of the world’s forests will have the
added advantage of these forests being better equipped
and ready to meet the expected increase in demand for
quality wood products over the next fifty years.
For this reason alone, time is of the essence in
husbanding the world’s forests, because consumers
in booming developing countries are improving their
standards of living, which will increase the demand
for larger quantities of wood to build and furnish comfortable homes, comparable to the standards enjoyed
by citizens in more developed countries today.
On the other hand, if the upgrading of the world’s
forests does not commence soon, this valuable
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environmentally-friendly resource will continue to be
depleted. Furthermore, it will eventually be unable
to satisfy the increased demand for wood, and fail
dismally in its essential role of converting carbon
dioxide into a safe, storable form, while at the
same time releasing life sustaining oxygen into the
atmosphere.

301

In Conclusion:
The Choices Which Lie Ahead

XIX

Accuse not nature, for she has done her part. Do thou but thine.
– John Milton

P

rior to the twentieth century, variations in global
temperatures were almost solely influenced by
natural phenomena such as volcanic eruptions, the
strength of cosmic rays and water vapour levels in
the Earth’s upper atmosphere.
We have found that in all probability, mankind
is now having an impact, at least to some degree,
on global warming, and in consequence on the world’s
natural environment as we have come to enjoy it. How
great this impact is, or will become, and whether it
will be harmful or beneficial, is yet to be determined.
Nevertheless, even if climate change is today only
in a small way due to human activities, our impact
in the future could grow exponentially. The everincreasing demands for energy to fuel motor vehicles,
operate industrial plants, harvest crops, heat and cool
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homes, and satisfy a host of other human desires, will
ensure this occurs.
The world’s population is believed to have taken
thousands of years to reach a billion people. It then took
one hundred years to double to two billion people, and
only another forty years to double again to four billion
people.
Imagine the consequences when the world’s
population increases, as many predict it will, by 50%
over the next fifty years. And even if the world’s population remains constant, when standards of living in
Asia and other less developed regions approach the
level currently enjoyed in North America and Europe,
the demand for fossil fuels and food supplies will
increase at least four or five fold.
In less developed countries, such as Nigeria, Indonesia, Philippines and Brazil, the population growth
rate is far more rapid than in developed countries.
This has led to nearly 50% of the population of those
countries being under 15 years old, a group which will
place higher demands on the environment than their
elders.
Improved health care has been a major factor in
increasing the world’s population, especially in less
developed countries. Malaria, small pox, cholera and
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yellow fever previously had a devastating impact on
population levels, but are no longer major threats
to civilization. AIDS, if not attended to in the near
future, may be the exception.
These population developments and improved
living standards are expected to lead to a doubling in
the world’s energy needs within the next twenty-five
years and consequently a meaningful increase in greenhouse gas emissions, if left unchecked. Fortunately,
the world is now attuned to and concerned about the
consequences of mankind’s potential contribution to
global warming.
This provides a unique opportunity to re-establish
some old-fashioned, basic values. One of the more
important of these values involves being respectful
of nature by reducing our demands on the world’s
limited resources, thereby also limiting the stress we
place on the environment.
Amending our lifestyles does not require us to
have in hand absolute scientific proof that mankind
is having an irreversible and meaningful impact on
the world’s climate. That is to say, eliminating waste,
controlling pollution and practicing conservation are
important, regardless of whether we influence the
climate at all, because such actions are conducive to
lessening our overall environmental impact.
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At the same time we need to be wary about blindly
accepting the politically correct views of governments
and the scientific community before implementing
their solutions. Some of their ideas and proposals
could potentially retard economic progress and cripple
our abilities to respond more effectively in the future
to other equally important challenges.
On the other hand, calling for endless studies
which only serve to defer dealing with climate change
issues could well make us lose the unique opportunity
presented by a society currently consumed with the
desire to act responsibly to protect the environment
against further damage.
The opportunity before us is unique because
success in dealing with environmental issues is more
likely to occur if collective action prevails. And thanks
to Al Gore and others, a surprisingly high proportion
of the world’s population is now actively engaged
in the climate debate and willing to play their part in
a collective solution.
Their vote will increasingly be directed to electing
governments committed to implementing realistic
initiatives aimed at encouraging corporations and individuals to behave differently with regard to pollution
and the wasting of world resources. To obtain this
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vote, governments will need to table green agenda with
realistic supportive fiscal programs.
It is generally accepted that the fiscal measures
available to governments to further these objectives
come in the following three basic forms:
First, subsidies to promote breakthrough technological developments and establish new environmental
performance standards for machinery, automobiles
and other industrial equipment.
Second, an equitable market-based carbon credit
trading system introduced nationally, on a continentwide scale, or internationally.
Third, a flexible carbon tax which can be raised
or lowered to influence the quantity of emissions
permitted. This would be the most direct method
to cause change, but also the least favoured by the
industrial sectors.
Success in implementing these fiscal measures on
an international basis will undoubtably require the cooperation of the 15 to 20 countries most responsible
for the world’s greenhouse gas emissions. As with
many other relationships, less than 20% of the countries
produce more than 80% of the emissions. By limiting
the number of participants, considerable bureaucratic
delays and costs will be avoided in developing the
306

In Conclusion
productive relationships and technological advances
required to make significant progress.
The successful adoption of a new approach along
the lines outlined above, prior to the expiration of the
Kyoto Protocol in 2012, should ensure that those who
do pollute, contaminate or waste in the future, bear the
full costs associated with their actions, whether levied
on them in the form of taxes, fines or other financial
burdens.
At the same time, it will be essential to act rationally and not be stampeded into costly grand schemes
which significantly impact economic prosperity and
deplete the world’s ability to deal with the other
major problems it faces. These include poverty, water
shortages, terrorism, proliferation of weapons of mass
destruction and new diseases.
Clearly the most cost effective option to address
the continued growth in fossil fuel emissions involves
individuals amending their lifestyles to reduce their
personal impact on the environment. The voluntary
and broad-based acceptance of the concept that no
one has the right to poison the Earth, pollute its atmosphere, contaminate its waters, or waste its resources,
would also be a powerful step towards the creation of
a sustainable and prosperous society.
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Incomplete as this book may be, it is hoped it will
be sufficiently informative to encourage readers to
embrace conservation in their personal and business
lives, and help them persuade others to do the same. By
making personal commitments and acting accordingly,
we will each do our part to create a healthier world
and provide future generations with more choices for
rectifying the harm which has been done.
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Aerosols – Liquid and solid substances suspended in
the atmosphere which may have a cooling effect.
Atmosphere – The gaseous envelope surrounding the
Earth. The dry atmosphere consists almost entirely of
nitrogen (78.1%) and oxygen (20.9%), together with
a number of trace gases such as argon (0.93%), helium,
and greenhouse gases such as carbon dioxide (0.035%)
and ozone. The atmosphere also contains water vapour,
clouds and aerosols.
Afforestation – The conversion of land that has
not been forested for at least 50 years to forested
land through human activities such as planting and
seeding.
Biomass – The total mass of living organisms in a given
area or volume. Forest biomass consists primarily
of above-ground and below-ground tree components
(stems, branches, leaves, and roots); other woody
vegetation; and mosses, lichens, and herbs. Animal
biomass typically comprises only a very small portion
of total forest biomass.
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Carbon cycle – The term used to describe the flow
of carbon through a system. The forest carbon cycle
refers to the flow of carbon through a forest ecosystem.
The global carbon cycle refers to the flow of carbon
through the Earth’s atmosphere, oceans, forests, and
other terrestrial ecosystems.
Carbon dioxide (CO2) – A naturally occurring gas,
which is also a by-product of burning fossil fuels, biomass burning, land-use changes, and other industrial
processes. It is the principal greenhouse gas being
emitted by human activities.
Carbon dioxide emission equivalents (CO2e) –
A measurement used to calculate the amount of carbon
in any given mass.
Carbon flux – The transfer of carbon from one carbon
pool to another.
Carbon reservoir – A system having the capacity to
accumulate or release carbon. Examples of carbon
pools are forest biomass, wood products, soils, and the
atmosphere.
Carbon sink – Opposite of a carbon source. A carbon
pool can be a sink for atmospheric carbon if, during
a given time interval, more carbon is flowing into it
than out of it.
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Carbon source – Opposite of a carbon sink. A carbon
pool can be a source for atmospheric carbon if, during
a given time interval, more carbon is flowing out of
it than into it.
Carbon stock – The absolute quantity of carbon held
within a pool at a specified time.
CBM–CFS2 – Carbon Budget Model of the Canadian
Forest Sector.
CDM – Clean Development Mechanisms are established under a Kyoto Protocol program to enable
projects in under-developed countries to earn Certified
Emission Reductions.
CERs – Certified Emission Reduction certificates are
issued for UN qualified projects which can be sold into
world-wide emission markets.
Climate – The prevailing environmental conditions
resulting from the interactions of wind, water, and
temperature.
Climate change – A statistically significant variation in either the average state of the climate or in its
variability, persisting for an extended period of time
(decades or longer).
Climate model – A numerical representation of the
climate system based on the physical, chemical, and
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biological properties of its components, their interactions and feedback processes, and accounting for
all or some of its known properties. Climate models
are applied, as a research tool, to study and simulate
the climate, but also for operational purposes, including monthly, seasonal, and inter-annual climate
predictions.
Dead organic matter (DOM) – A generic term for
all dead organic compounds in the ecosystem. These
include standing dead trees, downed trees, coarse and
fine woody debris, litter, soil carbon, and peat.
Deforestation – The conversion of forested land to nonforested land as a direct result of human activities.
Deuterium – The fuel needed for fusion reactors. Also
known as “heavy water”, this element is quite common
and may be the key to meeting future electricity
demand.
Ecology – The study of, or concern for, the natural
environment. From the Ancient Greek words ‘oikos”
and “logos”, or “home studies.”
Ecosystem – A community (i.e., an assemblage of
populations of plants, animals, fungi, and microorganisms that interact with one another, forming together
a distinctive living system) and its environment treated
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together as a functional system of complementary relationships and transfer and circulation of energy and
matter.
Emissions – In the climate change context, emissions refer to the release of greenhouse gases and/or
their precursors and aerosols into the atmosphere over
a specified area and period of time.
EOSD – Earth Observation for Sustainable Development of Forests.
ETS – Emissions Trading Scheme, such as set up by
the European Community for the sale of carbon credits.
FAACS – The Feasibility Assessment of Afforestation
for Carbon Sequestration (a Canadian federal government initiative).
Forest – A vegetation type dominated by trees. Many
definitions of the term forest are used throughout the
world. For reporting on managed forest carbon stock
changes, Canada uses the definitions of one hectare
minimum area, 25% canopy cover of trees that have
the potential to reach five metre height at maturity.
Forest stand – A community of trees, including
above-ground and below-ground biomass and soils,
sufficiently uniform in species, composition, age, and
management type.
313

Objective Ecology
GIS – Geographic information system. A computer–
based system that provides the capability to input,
store, retrieve, manipulate, analyze, and output
geo-referenced data.
Greenhouse gases – Greenhouse gases are those
gaseous constituents – both natural and anthropogenic
– of the Earth’s atmosphere that absorb infrared radiation emitted from the Earth’s surface, the atmosphere,
and clouds. By absorbing infrared radiation, these
gases trap energy in the Earth’s atmosphere and cause
the greenhouse effect – the trapping of heat in the lower
atmosphere—and influence the global climate. Water
vapour (H2O), carbon dioxide (CO2), methane (CH4),
and ozone (N2O) are the primary greenhouse gases in
the Earth’s atmosphere.
IPCC – The Intergovernmental Panel on Climate
Change, a UN body which brings together scientists
and populations to draft comprehensive reports on
climate change.
IPCC Good Practice Guidance for Land Use,
Land-Use Change and Forestry – Guidance prepared by the IPCC and accepted by Canada for use in
developing estimates of its carbon sinks and sources
associated with forests and land-use change.
Land cover – The observed physical and biological
cover of the land as vegetation or man-made features.
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Land–use change – A change in the use or management of land by humans, which may lead to a change
in land cover.
Mitigation – A human intervention to reduce the
sources or enhance the sinks of greenhouse gases.
NFI – Canada’s National Forest Inventory
PERD – Panel on Energy Research and Development
Reforestation – The conversion of non–forested land
to forested land through human activities, on land
that was forested but that had been converted to nonforested land.
Sequestration – The process of increasing the carbon
content of a carbon pool other than the atmosphere.
Soil carbon pool – Refers to the relevant carbon in
soil. It includes various forms of soil organic carbon
(humus) and inorganic soil carbon and charcoal.
It excludes soil biomass, such as roots and living
organisms.
United Nations Framework Convention on Climate
Change – This convention has the ultimate objective
of stabilizing greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous
human interference with the climate system.
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Weather – The specific condition of the atmosphere
at a particular place and time. It is measured in terms
of parameters such as wind, temperature, humidity,
atmospheric pressure, cloudiness, and precipitation.
WHO – The World Health Organization, established
by the United Nations.
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