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catastrophic risks linked to climate change and solar activity. This personal
research is counterposed to the prevailing anthropogenic global warming
paradigm. This book is being provided to you at no charge, for your
educational purposes, and is without a profit motive.
Legal Disclaimer: The views, thoughts, assumptions, and opinions
expressed in this book belong solely to the author. While best efforts have
been made, I make no representation as to the accuracy, completeness,
correctness, or validity of any information in this book. I will not be liable
for any errors or omissions, or interpretations of third party information and
data, or any losses, injuries, or damages arising from this book’s use. All
information is provided on an “as is” basis. It is the reader’s responsibility to
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endnote citations and specific references made, and make up their own
mind.
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Introduction
The IPCC’s Version of Climate Science is Fundamentally Flawed and
Its Articles 1 and 2 Hide Global-Scale Catastrophic Risks
We are led to believe by the Intergovernmental Panel on Climate Change
(IPCC), an intergovernmental body of the United Nations, through its advice
to governments, that greenhouse gas emissions caused by human activity
constitute the dominant cause of recent global warming. 1 This global
warming message is being used to direct a risk mitigation strategy designed
to keep the 21st century global mean temperature increase below a certain
threshold, based on specific emissions reduction scenarios.2,3 The IPCC’s
laudable intent is to motivate a needed switch of the world’s energy system
to renewable energy, and to move humans toward living sustainably.
The IPCC’s scientific paradigm entrenching Articles 1 and 2 has dictated
the IPCC’s strategic and politicized version of climate change since its
founding in 1988. The IPCC’s version of climate change is not a scientific
consensus, but existed from the outset in its founding articles.4,5 The climate
science field outside of anthropogenic global warming has identified several
alternative climate risk factors that the IPCC has chosen not to bring to the
public’s attention, most likely to prevent the undermining of its political
agenda.
Surprisingly, the IPCC’s climate risk assessment dismissed, ignored, or
failed to review the natural climate risks associated with climate-forcing
volcanism,6 the current grand solar minimum,7 and the prospect of rapid
climate change.8,9 Solar scientists expert in climate change have warned in a
consensus-like manner that the current grand solar minimum, or low solar
activity phase, will lead to Little Ice Age-like conditions in the decades
ahead.10,11,12,13,14,15,16,17
The IPCC’s risk assessment also dismissed or ignored the plethora of
climate-related human catastrophes that occurred throughout the Little Ice
Age (13th–19th centuries).18,19,2021,22 The Little Ice Age climate catastrophes
included large magnitude volcanic eruptions like Rinjani (1257) and
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
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Tambora (1815), which devastated global agriculture and caused
widespread human catastrophes. 23,24,25,26,27 On two occasions during the
Little Ice Age, China lost nearly half its population,28 while Europe lost
about one-third of its population in the 14th century. These climate-related
catastrophes included famines, epidemics, and wars.
This book promotes the urgent need to prepare the world, not for global
warming, but for a 21st century switch to a global cooling phase. This
climate switch will be associated with catastrophic risks linked to the impact
of colder climates and precipitation extremes (drought, rainfall, snow) on
agriculture. We now live in an era of enhanced risk for climate-forcing
volcanic eruptions that, if they occur, will rapidly cool the planet and trigger
glacier ice expansion. Increased earthquake risks are also likely. Linked to
this cold climate switch and grand solar minimum is the enhanced prospect
of pandemic flu, something to which humans are highly vulnerable.
To provide context for the above, some of these historic cooling phase
switches since the Holocene Climate Optimum 8,000 years ago were termed
rapid climate change events. 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 These events were
associated with the collapse of several ancient civilizations. Centennialscale (100 plus years) Arctic ice accumulation and its associated Little Ice
Age and rapid climate change cannot simply be dismissed, given the
evidence for it.39,40,41,42,43
Polar ice cores retrieved by scientists reveal the peak in the Holocene
interglacial temperature occurred 8 and 10.5 millennia ago in the Arctic and
Antarctic respectively. This means earth actually entered the current Ice Age
8 and 10.5 millennia ago in the Arctic and Antarctic respectively.44,45,46
Since the Holocene Climate Optimum 8,000 years ago, the Greenland ice
core declined in an oscillating manner to its lowest temperature trough by
1700 (a 4.90C decline), before increasing to 2016’s global warming subpeak.47
By 1880, or the start of the modern instrument era for recording global
temperatures and the period used by the IPCC to begin its anthropogenic
global warming story, the Greenland ice core temperature was still 3.60C
lower than at the Holocene Climate Optimum.48 Despite being told recent
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

9

temperatures are the highest on record,49 the temperature was actually 20C to
40C higher in the Arctic during the Holocene Climate Optimum than it is
today.50,51,52
It is important to keep in mind that current global warming trends peaked in
2016, but this temperature peak was still about 20C lower than at the
Holocene Climate optimum 8,000 years ago. 53 To give you some
perspective, the Greenland GISP2 ice core registered a temperature rise of
24.50C from the last glacial maximum (coldest trough) 24,000 years ago to
the Holocene Climate Optimum (warmest peak) 8,000 years ago.54 This
means that by 1700 CE, the ice core had actually dropped about 20 percent
of its full decline for one glacial cycle, and we were at about 8 percent of the
full temperature decline of one glacial cycle in 2016.
We are completely disoriented as regards what stage of the glacial cycle we
are living in. Science tells us the last ice age ended 11,700 years ago,55,
whereas in reality that was the end of a rapid climate change event called the
Younger Dryas.56 The last ice age ended 19,000 and 24,000 years ago in the
Antarctic57 and Arctic58 respectively, after the last glacial cycle’s deepest
temperature trough. There was also less ice at both poles during the
Holocene Climate Optimum than exists today.59,60,61,62,63
Beginning about 5,000 years ago, ice began to accumulate at the poles, and
northeast Greenland was ice-locked by 3,000 years ago.64,65,66,67 Glacier ice
rapidly accumulated during the Little Ice Age, reaching its peak buildup by
the mid-19th century.68,69 Much of this glacier ice melted after the mid-19th
century 70 , 71 , 72 as the sun passed through its 20th century grand solar
maximum phase.
Human Activity’s Resource-Depletive Impact Increases Our
Vulnerability to Climate Switching Risks
Don’t get me wrong, human activity does interfere with the climate system,
and it has exacerbated the 20th century’s grand solar maximum to help melt
millennia of ice buildup in just a matter of decades. Human activity has also
depleted two-thirds of the world`s largest aquifers beyond sustainable limits,
and increased the amount of time when there is insufficient water available
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in water basins and major transboundary river systems to meet our
needs.73,74
Human activity has deforested much of the planet and destroyed huge
swathes of biodiversity. We have polluted the atmosphere and the oceans.
The demands of profligate growth for corporate profit have left little under
and on earth’s surface for tomorrow’s generations. So yes—human activity
interferes with the climate, and its environmentally destructive and depletive
impact is real and unsustainable.
World population and economic growth accelerated the depletion of world
energy reserves, such that we only have 50 years of proven oil and gas
reserves left.75,76,77 Making matters worse is that 50 percent and 70 percent
of the world’s oil and gas reserves are (respectively) in fact unproven
guesstimates. This includes shale resources.78,79 The prospects for new oil
and gas discoveries are not as bright as the promises made by the oil and gas
industry might lead one to believe.80,81,82,83,84 The profitable extraction of
fossil fuels in the future will require higher oil and gas prices, rendering
their extraction less attractive compared to lower risk, renewable energy
investments.
How do you think world agriculture will cope in extreme drought, after the
water basins it relies upon have lost much of their drought-buffering
capability? How will the world’s nations provide for their energy needs in a
colder world, while also facing severe pressures on their agricultural
systems? What are you going to do for your children’s sake when you
realize that peak oil and gas discoveries and production are things of the
past?
What can we do about this collective, profligate insanity? How can the
world rapidly prepare for a switch to a global cooling phase, and the risks
this portends?
The second half of this book ambitiously attempts to answer these questions.
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Rapidly Switching to Renewable Energy and Decentralized Sustainable
Living Will Reduce Our Vulnerability to Risks
The second part (Section 3) of this book reviews the global supply and
demand for energy, water, and food resources, the reserves available, and
the key factors impacting their sustainable future supply. Section 3 focuses
on how we can live sustainably while preparing for a switch to a global
cooling and drought regime, as well as climate-forcing volcanism. The
material in Section 3 is highly relevant for those living in the Northern
Hemisphere and in arid, semi-arid, and monsoon regions.
Section 3 reviews how major sectors of the world economy use energy and
the possibilities for switching to renewable energy systems. The strategies
available for implementing decentralized sustainable development are
pitched at three different levels: for central governments, local governments,
and for you at home. This book provides best practice solutions utilized by
some governments, municipalities, and homes around the world.
Rapidly switching the world’s energy system to renewable energy and
implementing decentralized sustainable development are pivotal strategies
to mitigating 21st century climate and resource supply risks. Such a dual
strategy will permit a greater degree of self-sufficiency in the home and in
urban areas, aimed at reducing our vulnerability during a climate switch and
its associated risks. A focus on decentralization means that individuals,
communities, and cities embrace partial self-sufficiency in energy, water,
and food. Decentralization anticipates that government, corporate, and
commodity market actions will restrict resource supply in a crisis event, and
so aims to reduce vulnerability to that risk.
In order to remove impediments to change, there is an urgent need for a
scientific revolution, to amend the IPCC’s Articles 1 and 2 to emphasize
both natural climate change and human activity. A switch to a global
cooling phase will happen in the 21st century, and the grand solar minimum
we have entered is prime time for that climate switch. As such, we need to
urgently accelerate this fledgling renewable energy revolution, and switch
the world’s energy system away from its current dependence on fossil fuels.
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The combination of the right climate message, economic incentives, and the
full realization that our oil and gas reserves are shrinking will be more
effective in rapidly switching the world’s energy system than the current
anthropogenic global warming message.
Economic incentivization can be achieved by implementing a carbon tax
priced at an appropriate level, so we can incentivize the energy system
switch and drive energy efficiency innovations. A relatively low price for oil
and gas means the world currently is squandering precious energy resources,
instead of leaving something for today’s youth to use in tomorrow’s colder
world. By letting the world know that peak oil and gas discovery are behind
us, a higher non-manipulated market price for oil and gas can prevail—a
price that reflects future scarcity in an ice age world.
The big challenge, beyond switching the three-quarters of electricity use not
currently supplied by renewable energy, is in switching the non-electricity
uses of fossil fuels by industry and transportation to renewable energy
systems. Massive quantities of renewable energy capacity will be required
for this transition to renewables. To cope with an accelerated switch to
renewable energy, we will need regional super-grids and local smart grids,
and plenty of high voltage direct current transmission interconnections.
Gigawatt-scale battery storage capacity will also be required to ensure
energy system resilience. All of these systems are reviewed in Section 3.
The way we fuel our transportation system requires an overhaul. The
technology and fuel options that would allow us to move transportation to
renewable energy are reviewed in Section 3. This includes transitioning
internal combustion engine transportation to renewable energy fuels, and
migrating people to electric road, rail, and public transport systems.
During the Little Ice Age’s four grand solar minima, extreme drought was
commonplace in Asia, Africa, North America, and the Middle East. If the
current grand solar minimum replicates the Little Ice Age experience, then
we urgently need to anticipate and solve looming water supply problems.
Growing demand for water by agriculture, industry, and urban centers will
also further stress water basins and depleted groundwater stores, so we have
a double reason to act with a sense of urgency now.
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All Rights Reserved.

13

Integrated water resources management must come to the fore, particularly
with respect to the need to both naturally and artificially recharge
groundwater and aquifer supplies (in order to improve their capacity to
withstand drought). With one-third of the world’s population living within
100 kilometers of the coast, renewable energy-powered desalination systems
offer a means of providing sustainable water supplies to coastal
communities. Building pipelines for transporting bulk water from water-rich
sources to cities, industries, and agricultural areas must be made a priority.
Global food supply will need to increase substantially to feed our growing
urbanized, affluent, and populous world as we re-enter a cold age.
Unsustainable growth, the fact that the majority of nations depend on food
imports from a relatively few nations, and our reliance on fewer food
producers per capita, means that we face major vulnerabilities to our food
supply should a crisis occur. Options for increasing global food supply,
mitigating food supply risks, and building resilience into our fragile global
food system are all reviewed.
Decentralizing food supply for cities and communities, and promoting food
production at home, must become key priorities for central and municipal
governments. Urban agriculture, high tech indoor farming with renewable
energy, soil-less food production, and home food production systems are all
reviewed as means for improving food supply in cities and reducing urban
vulnerability in a food crisis.
Sustainable agriculture and reducing yield gaps, supporting smallholder
farmers who feed the world’s poor, reducing food waste, and sustainable
aquaculture all have roles to play in improving food supply and security.
Cold- and drought-adapted crops and farming practices exist for the main
crop staples, but our preparation for their deployment in a climate switch
scenario or climate catastrophe is not publicly apparent.
The increased prospect of sun-blocking, large magnitude or climate-forcing
volcanism means we need new food supply solutions independent of the
prevailing climate and the sun. Industrialized greenhouses surrounding
cities, high-tech indoor farming, and single cell protein manufacture all offer
climate- and sunlight-independent food production capabilities to
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complement existing food stockpiles. Our national and municipal
emergency food stockpiles will need to be reassessed for their ability to
supply food in a climate switch or climate catastrophe event.
Rapidly switching the energy system and moving to living sustainably has a
cost, but it is a fraction of the future cost of doing nothing. As a benchmark,
it’s been estimated that about 1 percent of global GDP annually will be
required to pay for climate change mitigation and preparation.85,86,87
We have financing options available, such as implementing a global carbon
tax, using more renewable energy feed-in-tariffs (i.e., higher priced
renewable energy supply contracts), and partially redirecting fossil fuel
subsidies to allow the poor to gain access to affordable, renewable energy
systems. Global pension funds also hold substantial investment firepower, if
the rules governing their investments (i.e., the upper and lower limits of
asset class investment holdings) are amended to facilitate de-risked publicprivate partnerships (i.e., insurance-backed infrastructure bonds). The Paris
agreement’s $100 billion per year pledge is more important than ever if we
are to help the developing nations prepare for climate change and ensure
both their supply of energy and global food security.
A chapter is dedicated to reviewing best practice methods for how to live
sustainably at home and prepare for global cooling and climate extremes.
This review focuses on the sustainable supply and efficient use of energy,
water, and food at home. Best practice methods are reviewed for growing
climate-adapted food and ensuring that you have food stockpiled, a seed
bank, and food growing systems at the ready. In this manner, you and your
family will have a head start on developing ready-to-go emergency
solutions. The impact of extremely cold winters and summers, of climateforcing volcanism, and of rapid climate change will affect communities very
quickly. Being prepared will make the difference between survival (at best)
and being left vulnerable.
Grand solar minima and climate switches represent high-risk times for
pandemic flu outbreaks. As a species, we lack immunity against highly
pathogenic avian H7N9 and H5N1 flu strains, which are already causing
small-scale epidemics of animal-to-human infections that kill 25 to 50
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

15

percent of those infected.88,89,90,91,92 Progress in vaccine technology since
2009’s swine flu pandemic offers bona fide solutions to protect people
against emerging pandemic flu strains before a pandemic arises.93,94,95,96,97
However, the underlying pandemic flu vaccine technology and industry’s
paradigm for vaccine supply has not changed since 2009. The overriding
reason for this lack of change is reviewed in Chapter 14.
This book is intended to be an information bomb that will shatter the
illusory climate change consensus before the climate switch occurs. It calls
for four peaceful and cooperative revolutions: (1) a scientific revolution that
allows us to see nature’s climate change risks; (2) a renewable energy
Revolution(RE) designed to rapidly switch the world’s energy system to
renewable energy; (3) a pandemic flu vaccine revolution and pre-pandemic
immunization to prevent unnecessary and horrific deaths in a pandemic
outbreak; (4) a voting revolution, to vote in leaders who can quickly help us
switch the world energy system and move humanity to living sustainably.
Read on in the Spirit of Revolution(RE). (RE = Renewable Energy).

Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

16

Section 1

Key Themes

The Entrenchment of a Scientific Paradigm

The United Nations Framework Convention on Climate
Change (UNFCCC) and Intergovernmental Panel on
Climate Change (IPCC) and their Articles 1 and 2

The Mechanics of Scientific Revolution
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Chapter 1 Without a Scientific Revolution
Catastrophic Risks Will Remain Hidden
The big question I have for the following two chapters is this: Do the normal
rules of science and its transformation through paradigm shifts98 apply to the
IPCC’s version of climate science that is provided to our governments?
On the one hand, I admire what the United Nations and its intergovernment
affiliates such as the United Nations Environment Programme, the
International Renewable Energy Agency (IRENA), and the
Intergovernmental Panel on Climate Change (IPCC), and conventions such
as the United Nations Framework Convention on Climate Change
(UNFCCC) have collectively achieved from a strategic business
perspective.
The strategic business perspective I am referring to is the United Nations
championing the switch of the world’s primary energy system from fossil
fuels to renewable energy. This switch offers the ability to mitigate
anthropogenic greenhouse gas emissions, which the IPCC claims is largely
responsible for global warming.99,100,101 In reality, this energy system switch
is required before the world runs out of proven oil and gas reserves in the
decades ahead. However, running out of oil and gas is never explicitly
mentioned in the IPCC’s publications as the primary motivation for
switching energy systems.102,103,104
Yet, on the other hand, the IPCC’s founding Articles 1 and 2, published in
1988, entrenched its anthropogenic global warming scientific paradigm.
Articles 1 and 2 were provided to the IPCC by the UNFCCC, under the
direction of the World Meteorological Organization (WMO) and United
Nations Environment Programme (UNEP).105,106,107
Articles 1 and 2 obstruct our ability to perceive global-scale natural climate
change risks, such as low solar activity and climate-forcing volcanism, and
their impact on global cooling, centennial-scale glacier ice expansion, and
extremes of precipitation.108,109,110,111,112,113 This natural climate change and
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its associated risks have been ignored, downplayed, or dismissed by the
IPCC in their assessment reports provided to governments.114,115,116,117,118 It
is this obstruction of natural climate change risks and the grand solar
minimum potential for climate-related catastrophes that creates the need for
a scientific revolution.
The version of climate science promoted by the IPCC to governments, and
portrayed as a consensus of the international scientific community, has
nothing to do with normal academic science. It is a narrowly focused, highly
constrained, and politicized opinion dictated by Articles 1 and 2, and by
specially selected government scientists.
The above paragraph’s last sentence summarizes the harsh criticism
provided by the InterAcademy Council, which is composed of many of the
world’s national science academy leaders,119 and by the Nongovernmental
International Panel on Climate Change (NIPCC), comprised of leading
climate science experts whose scientific disciplines have been marginalized
by the IPCC process.120

Do Normal Rules for Scientific Revolutions Apply to the
IPCC’s Politicized Version of Climate Change?
Science is the discovery of knowledge, and a better understanding of both
the natural and man-made world involving the application of knowledge and
systematic research methods. A scientific theory explains some aspect of the
natural world, based on reproducible observations that are established by
measurement and analysis.
A theory has predictive value and can be assessed downstream by analyzing
the accuracy of its forecasts against measured data, given a sufficient time
interval.
Karl Popper is regarded as one of the 20th century's greatest scientific
philosophers, and he tells us a scientific theory can never be proven, but it
can be falsified. All it takes to falsify a theory is a single reproducible and
quality experiment.121 As such, a scientific theory is temporary and only has
validity until it is successfully disproven. A good scientist will try to
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disprove his or her own theory, and the independent peer review process has
the same function.
On the other hand, Thomas Kuhn, also one of the most influential 20th
century philosophers of science, tells us a scientific theory must be rejected
when the outcome predicted by that theory is different from nature.122
On the basis of Kuhn’s ideas, the IPCC climate science theory
(anthropogenic global warming-induced climate change) should be rejected,
given its highly inaccurate forecasts. Alarmingly, more than 97 percent of
the IPCC’s promoted climate forecasts between 1998 and 2012 overstated
the global mean air temperature. Wind the clock back, and we find that 82
percent of their forecasts between 1985 and 1998 understated the
temperature, while also missing the fifteen-year climate hiatus between
1998 and 2012.123
Despite this abject failure in forecasting the global mean surface
temperature, the IPCC made no attempt to modify or reject its climate
change theory. Instead the IPCC reiterated its “very high confidence” that
the climate forecasts showed long-term trends consistent with real data. The
IPCC then suggested its climate forecasts should be scaled down by 10
percent to fit better with this real world data. However, even with that
rescaling, their forecasts still missed the climate hiatus (see previous
citation). That is not normal science.
The development of normal science and its paradigms of scientific
understanding do not happen in a uniform manner. This evolutionary
development is comprised of alternating “normal” and revolutionary phases.
Revolutionary phases are always brought about by the occurrence of
scientific anomalies.124
A scientific paradigm in its discovery phase does not normally stand still for
three decades, as the IPCC’s anthropogenic global warming theory has.
Normal science evolves to accommodate new scientific discoveries, but this
has not happened with the science promoted by the IPCC to our
governments.
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For example, climate science discoveries known since the mid-1990s
indicate that an increase in carbon dioxide concentration follows a global
temperature increase. This conclusion is based on scientists analyzing
hundreds of thousands of years of ice core data, as well as annual data
obtained over multi-decade periods from the lower and upper atmosphere.
These scientific discoveries fundamentally challenge our common
understanding of carbon dioxide’s role in climate change. These studies
demonstrate that the rise in air temperature precedes the rise in atmospheric
carbon dioxide concentrations by 9-12 months on decadal timescales,125 and
by centuries on glacial cycle timescales.126,127,128,129
Based on independent scientific studies, superior climate correlations exist
over the IPCC’s climate reference period (since 1880), and over much
longer periods. These superior climate correlations involve other
mechanisms of climate control and regulation (Chapter 6, Figures 4.4 and
5.4).130,131,132,133,134,135,136,137,138 Yet these alternative climate mechanisms do
not feature in the climate science, forecasts, and theory promoted by the
IPCC to governments.
This highlights a very important point, viz., that once a paradigm becomes
entrenched, then theoretical alternatives are strongly resisted by vested
interests. You can read about the reasons for this entrenchment of paradigms
in The Structure of Scientific Revolutions.139
Why do scientific revolutions occur? Because the incumbent theory and its
predictions no longer fit the facts of nature.
Under the rules of normal science, a scientific revolution will occur when a
scientific anomaly is discovered, resulting in a recognized scientific crisis. A
new, plausible theory explaining the scientific anomaly must then be
proposed. The old paradigm and scientific ways of working (i.e.,
assumptions, framing of scientific problems, techniques, and
methodologies) must be overthrown, and the scientific field concerned must
be fundamentally reconstructed (in terms of common assumptions,
techniques and methods). The history and textbooks associated with that
scientific discipline must also be rewritten. The hearts and minds of
scientific leadership, scientists, and the vested interests must also be won
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over. Being able to reconcile a new theory with the commonly cited
historical data is fundamentally important to enabling a scientific
revolution. 140 Falsification of a theory alone is insufficient to cause a
scientific revolution.
While the planet has been warming, it has been very difficult for the climate
science field to change the anthropogenic global warming scientific
paradigm mandated by Articles 1 and 2. The only way a scientific revolution
will take place in the climate science field is with a climate switch to a
cooling phase, a climate-forcing volcanic eruption that induces global
cooling and glacier ice expansion, or the onset of a rapid climate change
event. Hopefully, change can take place before such a climate catastrophe
occurs, when it is realized that the well-meaning, strategically motivated,
and visionary Articles 1 and 2 are inadvertently hiding catastrophic risks.

IPCC Articles 1 and 2 Entrenched a Scientific Paradigm
Three Decades Ago
The IPCC is an intergovernmental agency established in 1988 by the World
Meteorological Organization (WMO) and the United Nations Environment
Programme (UNEP), and works under their direction and in support of the
United Nations Framework Convention on Climate Change (UNFCCC).
The UNFCCC is the main international treaty on climate change.141 That the
WMO and UNEP established the IPCC helps explain the politics associated
with climate change, and how Articles 1 and 2 came to entrench the global
warming paradigm in 1988.142,143
Maurice Strong, who was the Secretary General of the United Nations
Conference on the Human Environment in 1972, and of the Rio
Environmental Summit in 1992, as well as the first Executive Director of
the United Nations Environment Program,144 helped found the IPCC. The
Nongovernmental International Panel on Climate Change (NIPCC)145 was
formed to provide a counter-balancing second opinion on the IPCC’s
science relating to global warming. The NIPCC’s website informs us that
Maurice Strong played a key role, together with the WMO and UNEP, in
providing the IPCC with its “narrow” Article 1 definition of climate change.
According to the NIPCC website, the IPCC was given responsibility for
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finding the evidence of human influence on the climate system, as well as to
build the case for its policy-led mitigation.146
The IPCC provides periodic scientific assessment reports on climate change
to the governments of all member states (1990, 1995, 2001, 2007, and
2014). Of critical importance is that these assessment reports provide
governments a scientific basis on which to develop their climate-related
policies and adaptation and risk mitigation plans.
The problem for humanity is that our governments’ publicly stated plans are
only as good as the scientific and risk mitigation advice they receive from
the IPCC.
The IPCC claimed in its first scientific assessment (1990) that its method of
scientific review, which was reportedly conducted by the international
scientific community, resulted in the most authoritative statement about
climate change.147 In reality, however, it focused its attention solely on
anthropogenic global warming, something that is clearly stated in the
preface of its first scientific assessment report in 1990,148 and all other
scientific assessment reports since.
In reality, all of these reports are replete with confirmation bias149 dressed
up as an authoritative review. The IPCC process makes it very easy for us
to see this bias by using a language that science does not use, viz., “with
high or low certainty or confidence” depending upon what happens to
support its theory, or, conversely, what it wishes to dismiss.
We are told in the prefaces to the IPCC’s 2007150 and 2014151 assessment
reports that its focus of scientific review caters to policymakers, and does
not review all of the climate science literature. It nonetheless reiterates its
strong commitment to thoroughly assessing the scientific literature without
bias. Yet the conflict inherent in this attitude is readily apparent.
This narrow focus of scientific review, catering to policy makers, was
dictated by the IPCC’s founding Article 1 definition for climate change, and
by its Article 2 defined objective (see citation endnote for details of Articles
1 and 2).152 Importantly, you can see how this paradigm was entrenched in
1988, and how it effectively subordinates or trivializes natural climate
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change relative to human activity. But you can’t dismiss nature when it
comes to climate-related risks.
On a positive note, and under the above assumption, Articles 1 and 2 were
visionary way back in 1988. We should all be incredibly grateful for the
United Nation’s decision to control science’s message on climate change,
designed to promote a switch of the world’s energy system to renewables
before we run out of oil and gas.
Nevertheless, these two articles explain why the IPCC’s version of climate
science largely ignores, downplays, or dismisses the other climate science
sub-disciplines (see Figure 1.1). The consequence of this is the IPCC
inadvertently misses the broader climate-related risks that are on the
horizon.

The IPCC’s Policies and Procedures that Enable Its Scientific
Bias
The version of climate science promoted by the IPCC to our governments as
a consensus of the international scientific community has nothing to do with
normal academic science. It is a biased scientific opinion mandated by
Articles 1 and 2 since 1988. This scientific bias manifests itself in the
IPCC’s use of key words associated with anthropogenic global warming, as
opposed to the use of key words for other mechanisms of climate control
(Figure 1.1).
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Figure 1.1. The key words associated with all the main mechanisms of climate control
and climate science sub-disciplines were used to search IPCC assessment reports and
Google Scholar (1977-1992, 1999-2014). The radiative forcing climate mechanism
accounts for 66 percent of the total 22,449 key words used by the IPCC (2014), while
solar and magnetism combined account for only 6.7 percent of these key words. In
contrast, Google Scholar shows that solar and magnetism mechanisms account for 27
percent of the 8,431,419 key word hits. 153 (IPCC Assessment Reports: 19901992,154,155,156,157,158 2014159,160,161,162) Conclusion: The IPCC’s review of the climate science
is biased, and this bias has been maintained for a quarter of a century. The fact that
multiple mechanisms of climate control and regulation exist, supported by a significant
body of peer-reviewed scientific literature, implies that there is no scientific consensus
supporting anthropogenic global warming. A consensus exists only in the media.

If you wish to understand more about the IPCC’s procedures which enable
its bias, as well as a critique of its science by IPCC-opposed climate experts,
then the following cited documents will give you a good
perspective.163,164,165
Two of these organizations cited above have issued strong critiques of the
IPCC. First is the InterAcademy Council, which is an Amsterdam-based
organization whose scientific leadership is made up of presidents of many of
the world’s national science academies.166 The InterAcademy Council was
commissioned to conduct an independent review of the processes and
procedures of the IPCC, and it provided a damning, though diplomatic,
criticism of the IPCC. Second is the Nongovernmental International Panel
on Climate Change (NIPCC), which is comprised of leading experts from
the different climate science fields, and which provided a machine gun-like
volley of scientific rebuke to the IPCC’s promoted science.167
Scientific bias is facilitated by the IPCC’s process for selecting volunteer
scientists to do its work. The IPCC author-scientists are selected from lists
of national experts provided by governments. 168 According to the
InterAcademy Council’s review, political considerations are given more
weight than scientific expertise in the IPCC’s selection process.
Additionally, governments did not always nominate the best scientists from
among its list of national volunteers.169
In the IPCC procedures document there is no mention of selecting scientists
to represent all the different mechanisms of climate control, or climate subCopyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
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fields.170 This helps explain how the reviewed science in the assessment
reports is replete with confirmation bias 171 toward anthropogenic global
warming, while at the same time dismissing, downplaying, or ignoring the
other mechanisms of climate control and their associated risks.
The co-chairs of the IPCC’s working group are very influential people in the
IPCC hierarchy with respect to developing the assessment and synthesis
reports. These co-chairs select lead and coordinating authors from a list of
nominees provided by governments.172 The co-chairs also have significant
influence and control over the scientific assessments, and in leading the
preparation, review, and finalization of their working group’s reports.173 A
truly independent review of the assessment reports has never been done,
because the working group co-chairs also select the review editors.174
In a similar manner, final synthesis reports are not written by independent
expert scientists, but are the product of negotiations among government
representatives and the IPCC chair and working group co-chairs.175,176 The
synthesis reports are the ones that really matter for busy policy and business
decision makers. After all, with the most recent IPCC assessment reports
being between 1,000 and 1,500 pages long, who is going to be able to read
them and sift out data and facts from the projections, and know what
constitutes confirmation bias?
What’s more, government representatives negotiate and agree to the final
synthesis report wording line by line177 over marathon sessions that last
several days and nights. This line-by-line negotiation results in differences
between the assessment reports and the final politicized synthesis report
provided to governments.178
This means that the UNFCCC’s Articles 1 and 2, combined with the IPCC’s
procedures, have held the IPCC’s scientific paradigm rigidly in place for 30
years. Therefore, this is not a bonafide scientific paradigm operating by
normal rules of science (i.e., in Kuhn- or Popper-like fashion), but rather by
intergovernmental mandate and procedures.
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Normal Science Does Not Operate by Consensus
Normal science does not operate by consensus. It operates by scientists
proposing testable hypotheses, developing reproducible data to prove or
falsify them, and then publishing their results in peer-reviewed journals, so
that other scientists can attempt to reproduce the results.
All it takes is a single reproducible and quality experiment to falsify a
theory.179 Consensus is irrelevant in the face of one well-conducted and
reproducible experiment.
Of course, the above is only true if there are no top-down obstructions to
getting those experiments conducted and the results published in the first
place. Obstructions could result from government funding priorities, such as
what constitutes fundable or non-fundable areas for research, or how much
funding is directed to specific sub-disciplines (i.e., anthropogenic global
warming versus solar activity or cosmic rays), or institutional funding
strategies (i.e., which academic institutes will receive the funding for
building research capacity, infrastructure and tools). Scientific dissenters
can also be weeded out through the grant-funding process (i.e., scientific
advisory committee decisions). Dissenters or scientific sub-disciplines that
could undermine the popular paradigm or vested interests can be deselected,
deprioritized, or scientifically discredited.
Whoever controls the funding of climate science controls its direction. The
dominance of publications associated with the current paradigm (i.e.,
anthropogenic global warming), assure that the paradigm is maintained.
Another form of obstruction would be biased vetting of a manuscript
submitted to a scientific journal for publication. This biased vetting could be
masked as scientific criticism of the methodologies, of the data analysis, or
of any conclusions reached. A decision could then be taken, with or without
a delay, not to publish the manuscript. Public and private undermining of a
scientist’s reputation could also be used to raise doubt about their work (i.e.,
word of mouth within the academic community).
The fact that such a term as scientific consensus is discussed in the media
should raise alarm bells among discerning scientists. Reflect on the
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arguments presented in this chapter and in Chapter 2, and you will see that
the foundation upon which the IPCC’s theories and forecasts are based is
actually nothing more than quicksand.
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Chapter 2 Illuminating the IPCC’s Highly
Inaccurate Climate Forecasts
Every scientific theory is based on causal relationships, determined through
correlation and statistical analysis of empirical data. If a climate theory is
correct then it should accurately predict nature, as evidenced through its
climate forecasts.
A critical omission in the IPCC scientific review has been present since
1990. The IPCC has failed to provide a theory-justifying correlation analysis
between the global mean surface temperature and atmospheric carbon
dioxide concentrations. To support the basis of any scientific theory,
scientists would normally plot both parameters on the same graphic and
provide scatter plots with a trend line and its regression equation and Rsquared value (at the least). This correlation analysis should also provide
correlation values, their levels of statistical significance, and any attempt
made to optimize the correlation through the rephasing of parameters or
rendering of the data. This correlation would need to be maintained over
numerous relevant timescales for it to have any scientific merit. There is a
good reason for the omission of this carbon dioxide correlation, as you will
see below and in Figure 4.3.B.
Based on the IPCC’s failure to accurately forecast the climate from the years
1985 to 2018, or justify the scientific foundation of its theory in 1990 and
since, normal science should have falsified (via the peer review process) and
replaced this theory a long time ago.180 However, this hasn’t happened.
To make matters worse, in order that the IPCC could justify a full 21st
century global warming, they had to defer the next ice age and ignore or
dismiss natural climate change phenomena such as centennial-scale climate
oscillations, climate-forcing volcanism, and secular changes in solar activity
(i.e., grand solar minima and maxima, solar magnetism). 181 At the
foundation of IPCC climate forecasts lies a fundamental assumption that
another ice age will not occur for 30,000 years.182 This chapter tears that
dangerous assumption apart.
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Don’t get me wrong, climate change is real, and global warming was real
between 1700 and 2016. Likewise, human activity via fossil fuel
combustion (water vapor, carbon dioxide), irrigation (water vapor),
pollution (aerosols, chemicals), deforestation, and land use changes, etc., is
disruptive to the climate system. Human activity has helped the sun melt in
just a few decades the Arctic ice that had built up over two millennia. But
that’s not the point.

The IPCC Climate Change Theory and Forecasts Are
Fundamentally Flawed
The radiative forcing theory attributes earth’s climate to the difference
between the amount of sunlight energy absorbed by the earth (i.e., measured
as watts per square meter at the top of the atmosphere), and that radiated
back into space. Under this theory, changes in insolation (solar irradiance)
and the concentrations of an array of anthropogenic greenhouse gases and
aerosols are the primary drivers of earth’s climate.
The problem with the IPCC’s theory and forecast models, however, is that
they ignore natural climate change factors that also impact earth’s radiation
balance—such as volcanic aerosols (see Chapter 5) and secular changes in
solar activity (see Chapter 6). These longer-term changes in solar activity
not only affect the level of solar irradiance reaching earth’s upper
atmosphere, but also the strength of the magnetized solar wind reaching into
space. This magnetized solar wind modulates earth’s magnetic shield and
therefore the level of cosmic rays entering earth’s atmosphere from space.
Cosmic rays play an important role in modulating cloud cover over the
planet. Cloud cover increases the level of incoming solar radiation that is
reflected back into space, thus cooling the planet (see Chapter 6).
The IPCC’s theory also ignores the impact of increased atmospheric water
vapor resulting from global warming, as well as that resulting from daily
human activity (e.g., irrigation, fossil fuel combustion). Importantly, water
vapor is more plentiful and a more potent greenhouse than carbon dioxide.
Similarly, the IPCC’s theory ignores the increased atmospheric
concentration of carbon dioxide resulting from ocean degassing, due to
global warming. 183 The bottom line is the climate system is far more
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complex than can be explained by simply blaming human activity while
ignoring nature, or re-branding natural climate change as human-induced
climate change.
Under the IPCC’s radiative forcing theory, the impact of anthropogenic
greenhouse gases on the global mean surface temperature is dependent on
the sensitivity of the climate system to the concentration of those
greenhouse gases.184 Ignoring the natural climate system obviously renders
the IPCC’s assumptions on climate sensitivity erroneous.185 The erroneous
nature of the IPCC’s climate sensitivity assumptions is obvious, because the
IPCC suggested it should scale back its climate forecasts by 10 percent to
account for this sensitivity when attempting to explain the inaccurate
forecasts.186

Carbon Dioxide Levels Lag the Global Temperature
What is generally not realized is that from the late 1990s higher resolution
long-term climate data have demonstrated that historical global temperature
changes preceded changes in carbon dioxide concentrations by many
centuries, 187 , 188 , 189 , 190 and by many months over the multi-decade time
scale. 191 This means that global mean land surface, ocean surface, and
stratospheric temperature changes precede changes in atmospheric carbon
dioxide concentration. This emphatically tells us that increased carbon
dioxide levels are consequential, not causal, of global warming.
According to a more recent study covering the period 1981-2011, broadly
coinciding with the start of the IPCC’s climate forecasting period, a clear
phasing relationship exists between atmospheric carbon dioxide and various
temperature compartments (ocean, atmosphere, and stratosphere). Changes
in the atmospheric carbon dioxide concentration always lagged behind
changes in temperature by between 9 and 12 months. This study also
indicated that the bulk of the atmospheric carbon dioxide increase during the
period 1981-2011 was due to ocean degassing consequent to solar activity
(i.e., a grand solar maximum).192

Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

31

Nearly All IPCC Climate Forecasts Overstated or Understated
the Global Average Temperature (1985-2018)
The acid test for any scientific theory is its ability to predict the future of the
natural system that is being investigated. A failure to predict nature means
the theory is either incomplete or wrong, and should be revised or rejected.
In general, the global climate models promoted by the IPCC for forecasting
the global average surface temperature perform poorly when their
projections are assessed against empirical data.
This forecasting inaccuracy is exemplified in 2014’s fifth assessment report.
In this report, the IPCC shared a graphic detailing one hundred and thirtyeight of their promoted forecasts developed under the Representative
Concentration Pathways from their CMIP5 models (Coupled Model
Intercomparison Project Phase 5).193 The IPCC also shared data from 42 of
their historical models since 1985, overlaid with four sets of real climate
data, while providing a weak self-critique of these inaccurate forecasts.
Between 1998 and 2012 there was a hiatus in the rise of global mean surface
temperature, which nearly all (111 of 114 forecasts, or 97 percent) of the
IPCC’s promoted forecasts had failed to predict. This 15-year hiatus
occurred despite the fact that the concentration of atmospheric carbon
dioxide continued its unabated increase during this time (i.e., by 7.4
percent).194 Moreover, the IPCC then informs us that during the 15-year
period prior to 1998, the actual global mean surface temperature was higher
than 82 percent (93 of 114) of these CMIP5 model forecasts.195
This means that for a 30-year period the IPCC promoted forecasts either
underestimated or overestimated the global mean surface temperature. In
short, these inaccurate forecasts demonstrate a lack of causative correlation
between carbon dioxide and the global mean surface temperature.
Recall the above-cited study covering the 1981-2011 period196 in which
carbon dioxide lagged the sea, air, and stratospheric temperatures by 9–12
months. This cited study utilized the same 30-year period covered by the
IPCC’s forecast. This study refutes the IPCC climate change theory by

Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

32

showing that carbon dioxide lags temperature by 9–12 months in multiple
different climate compartments (i.e., ocean, atmosphere, and stratosphere).
It gets worse. In the 2014 Physical Science Basis assessment report, the
IPCC predicted with high confidence that global warming will be pervasive
throughout the 21st century. It forecasts the global mean surface temperature
will increase between 0.3°C and 0.7°C from 2016 to 2035 relative to the
1986–2005 average.197 Let me bring to your attention the fact that between
2016, or the start of the IPCC new forecast period, and October 2018 the
global mean surface temperature declined by 0.210C, and in the Northern
Hemisphere by 0.270C.198
In their attempt to alleviate the concerns of readers (i.e., government,
business, global finance etc.), the IPCC suggested this forecasting
inaccuracy could be caused by internal climate variability, or a reduced
trend in external forcing (i.e., declining solar activity). Climate variability in
the real world includes important naturally occurring climate change like
volcanic activity (cooling aerosols), atmospheric water vapor and aerosols,
cloud feedbacks at different altitudes and latitudes, atmospheric and ocean
circulations, etc. In other words the inaccuracy could simply be due to the
influence of natural climate change, which the IPCC have ignored or
dismissed because of Articles 1 and 2. Most of these natural factors impact
radiative forcing, yet are not accounted for in the IPCC’s version of
radiative forcing.199
The IPCC’s response to this high forecasting inaccuracy was merely to
suggest that their near-term climate forecasts should be reduced by 10
percent to better fit the real world data.200 In fact, the data refuted their own
theory.

IPCC Climate Forecasting Models have not been Validated by
Forecasting Experts
Forecasting is a scientific discipline spanning more than seventy years of
empirical research. This discipline is professionally overseen by the
International Institute of Forecasters, 201 and has its own peer-reviewed
journals.202,203 This body of forecasting research has been summarized in
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140 scientific principles,204 which must be observed in order to make valid
forecasts.
Scientific forecasting experts found the IPCC forecasting procedures
violated more than half of the 140 established forecasting principles, and no
justification was provided for those violations. These global warming
forecasts were also not subject to peer review by experts in scientific
forecasting.205
Expert forecasters inform us that it is not possible to improve upon a naïve
(i.e., no change) climate forecast, because many conditions involved in
controlling earth’s climate are still unknown, leading to high forecasting
uncertainty.206,207 These experts tell us that forecasting models should only
be used if they can be shown to provide forecasts that are more accurate
than those from a naive model.208
Forecasting accuracy is normally determined using backtesting, or the
ability of models to accurately hindcast historical climate data. The accuracy
of IPCC forecasts was assessed by expert forecasters, who found the errors
were 7–12.6 times larger than a no change forecast.209,210 This would help
explain the high level of forecasting inaccuracy demonstrated in the IPCC
forecasts between 1985 and 2018.

The Unstated Theories and Assumptions at the Foundation
of IPCC Climate Forecasts
At the foundation of the IPCC’s global climate forecasts are a series of
fundamental assumptions made, and oversights (of existing climate data)
required, in order to support the IPCC’s climate change theory of
anthropogenic global warming. We must be aware of these forecasters’
unstated assumptions and oversights to understand the tenuous foundation
upon which the IPCC’s promoted climate forecasts are based.
The only way to justify global warming across the entire 21st century—and
obtain four Representative Concentration Pathway global warming
forecasts211—would be to assume that the start of an ice age still lies ahead
of us today (reviewed below).
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It would be imperative that climate forecasters also ignore the Arctic212,213
and Antarctic 214 , 215 climate data depicting sea-saw glacial cycles (see
Figures 3.2 and 4.2), while disregarding where we are today relative to the
Holocene Climate Optimum. Importantly, forecasters would need to ignore
the existing climate data depicting centennial-scale climate oscillations since
the Holocene Climate Optimum (see Figures 4.2 and 4.3). In Chapter 4 you
will see that today’s global temperature sits atop a trough-to-peak warming
phase that started in 1700, and is the biggest global warming phase in 8,000
years (i.e., a statistical outlier).
By ignoring the climate data before 1880 and back to the beginning of this
current global warming phase in the early 1700s,216,217 forecasters would not
need to explain why the temperature started to rise two-plus centuries before
human activity became a factor for consideration in climate change (see
Figure 4.3).
In order to project a full 21st century global warming, it would be essential
that global warming forecasters and their IPCC chaperone dismiss, ignore,
or even discredit any dissenting science opposed to 21st century global
warming. For example, these forecasters would need to ignore the solar
activity and other scientists expert in climate change who predict a global
cooling phase will accompany the early to mid-21st century grand solar
minimum.218,219,220,221,222,223,224,225
To assist the IPCC forecasters’ base assumptions, the IPCC arbitrarily
delayed the next ice age by 30,000 years. The IPCC posited this 30,000-year
ice age delay without subjecting that theory to scientific peer review.
Meanwhile, the IPCC told governments that this delay was a “robust
finding.” 226 The Milankovitch orbital pacemaker theory upon which the
IPCC’s ice age delay is based is scientifically contentious, with other areas
of science contesting the validity of the theory.227,228,229,230,231,232
This claimed robust finding, that earth would not enter another ice age for at
least 30,000 years, is the opposite of what climate scientists expert in the
Artic climate and its glacier dynamics are saying. These Arctic climate
specialists tell us that since the Holocene Climate Optimum and thermal
maximum, the Northern Hemisphere’s summer temperature has declined in
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line with the decline in Northern Hemisphere summer solar irradiance
(insolation) from its peak 8,000–10,000 years ago. This decline in summer
insolation, on the order of 40–50 watts per meter squared, is a result of
changes in earth’s orbit.233,234,235,236,237 This decline in summer insolation is
about 15 times greater than the equivalent climate-forcing impact of carbon
dioxide at today’s atmospheric concentration.238

The IPCC’s 30,000-Year Ice Age Deferral Is Statistically
Falsifiable
There are crucially important statistical implications relating to this “new
IPCC theory” for delaying the next ice age by 30,000 years. 239 The
statistical implications have been ignored (I am assuming), and would
automatically lead to the dismissal of this theoretical delay. The statistical
implications relate to how this delay adjusts the interval back to the previous
ice age, the interglacial period duration, and the relative phasing gap
between the Antarctic and global climate optima, when compared with all
previous glacial cycles in the last 800,000 (Antarctica) and 2,000,000
(global) years.240,241
By extending the start of the ice age another 30,000 years from its “real
start” 2,100 years ago (global data), the interglacial period duration is
extended. The last interglacial period started 19,600 years ago and ended
2,100 years ago at the Holocene Climate Optimum. Consequently, the
interglacial period would increase from its existing 17,500 years to 49,600
years, rendering the revised 49,600-year interglacial period duration a
statistically significant outlier (see the data table summary embedded in the
citation).242
Similarly, by ignoring the global climate optimum 2,100 years ago and
extending the interglacial period by another 30,000 years, one would be
positing a new Holocene Climate Optimum 30,000 years in the future.
Creating a new Holocene Climate Optimum would extend the already
longest interval, going back to the previous climate optimum, from 122,700
years to 154,800 years.
Compared with all thirty-two preceding climate optima intervals in the last
2,026,800 years, this revised 154,800-year interval would become a
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statistically significant outlier. The original non-delayed climate optimum
interval, while an outlier, was not a statistically significant one (See the data
in the following citation).243
In the third statistical analysis, the timings for the last nine glacial cycle
climate optima in Antarctica were compared with their corresponding global
climate optima timings, to determine the phasing gap for each glacial cycle.
In all but two glacial cycles, the climate optimum was reached first in
Antarctica, and on average 2,100 years before it was reached globally. The
global climate optimum 2,100 years ago already had the longest phasing gap
with its corresponding Antarctic climate optimum, compared with all
previous Antarctic and global phasing gaps in the past 800,000 years.
By delaying the Holocene Climate Optima 30,000 years, the phasing gap
between Antarctica EPICA Dome-C (10,500 years ago) and the global
(2,100 years ago) data changes from 8,400 years to 40,500 years, rendering
this revised phasing gap a statistically significant outlier (See the data in the
following citation).244
Delaying an ice age by 30,000 years cannot be statistically justified on at
least three counts. By delaying the ice age 30,000 years a statistical outlier is
created for interglacial durations, inter-climate optima intervals, and
Antarctic-to-global climate optima phasing gaps (P-value <0.05 in all three
of the above cited cases). In addition, by delaying the ice age another 30,000
years, the distribution of the data is changed from a normal distribution to a
non-normal distribution profile. If normal science were operating in an
unimpinged manner, it would emphatically reject the IPCC’s 30,000-year
delay to the start of the next ice age.
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Section 2

Key Themes

“Paradigm Shift—Scientific Revolution”
The Ice Age Started 8-10.5 Millennia Ago

The 1700-2016 CE Global Warming is the Biggest
Trough-to-Peak Outlier in 8,000 Years and Is Already
Two Centuries Late for a Switch to a Cooling Phase

The Higher the Trough-to-Peak Phase, the Bigger and
More Abrupt the Drop in Temperature

Large Magnitude Volcanism and this Grand Solar
Minimum Pose Catastrophic Risks (Dismissed by the
IPCC)
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Chapter 3 The Ice Age Started Millennia
Ago, after the Holocene Climate Optimum
It is my contention that we are disoriented as regards the stage of the glacial
cycle that we occupy today. The biggest impediment to gaining a correct
orientation on today’s climate is failing to look back beyond 1880, and
indeed back to the Holocene Climate Optimum, when interpreting climate
data. Additionally, the polar ice core temperatures are more relevant to
climate forecasting than the global mean surface temperature. This is
because the global climate optima lag the polar climate optima. Thus, the
global climate data is consequential to what is happening in the polar
regions (Chapter 2).
We do not have a correct bearing on today’s climate relative to the
Holocene Climate Optimum, and are in error as to the correct stage of the
glacial cycle that we are currently in. To correct or readjust our glacial cycle
orientation we must bind key points from Chapters 2 and 4 with key points
in this chapter. And the sooner we do that the better.
First, the ice age did not end 11,700 years ago. It was the Younger Dryas
that ended then.245 Second, the Holocene Climate Optima for the Antarctic,
Arctic, and global climates are millennia behind us, and these were
comparatively late relative to all other glacial cycles over the past 800,000
(Antarctica data) and 1,000,000 (global data) years. Implicit in the IPCC’s
statistically flawed 30,000-year ice age deferral is the assumption that the
Holocene Climate Optimum lies ahead of us, an assertion that is
contradicted by the ice core data.
Third, today’s Greenland ice core temperature is between 20C and 40C lower
than at the Holocene Climate Optimum 8,000 years ago, 246,247,248 which
means current temperatures are not the highest on record. 249 Today’s
temperatures are only the highest since 1880, when the modern instrument
era for recording surface air temperatures began. Additionally, three of the
last five glacial cycles recorded climate optimum temperatures greater than
at the Holocene Climate Optimum.250
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Fourth, today’s global warming is part of a centennial-scale climate
oscillation that is currently in its trough-to-peak or warming phase, and
possibly passed this peak in 2016. This trough-to-peak phase is
superimposed over a millennial-scale decline in Northern Hemisphere
summer temperatures.251,252,253,254,255 The warming phase of this centennialscale climate oscillation will be followed by a peak-to-trough phase, when
the climate switches back to a cooling phase. This is what happened for all
38 preceding climate oscillations since the Holocene Climate Optimum,
whose warming exceeded 0.990C from trough-to-peak (Figure 4.2).
Fifth, there is more ice today than at the Holocene Climate Optimum, in
both Greenland 256 , 257 , 258 and Antarctica, 259 , 260 even with the recent
acceleration of ice melt. Ice began accumulating in earnest by 5,000 years
ago at both poles, and by 3,000 years ago part of the Arctic (northeast
Greenland) was ice-locked. Ice accumulation gained momentum during the
second millennium CE, and even more so during the Little Ice Age, when
glaciers reached their peak size.261,262 ,263
Sixth, starting in the mid-19th century, and accelerating over the last fiveplus decades, human activity has helped a grand solar maximum melt two
millennia worth of accumulated ice. Until we understand the relevant
historical climate data, this recent ice melt simply disorients us as to the
stage of the glacial cycle that we are in today.

Glacial Cycles Are Long-Term Climate Oscillations
During Ice Age Epochs
Climate change is real and happens on many different timescales—tens of
millions of years, glacial cycle length, or millennial, centennial, and even
smaller scales. Denying climate change would be futile, but blaming it only
on human activity while ignoring natural climate change would be wrong,
and dangerous.
We need to understand climate change on glacial cycle, millennial, and
centennial timescales. This understanding needs to be pegged to this glacial
cycle’s climate optimum as the common point of reference, as opposed to
the climate since 1880. Each of these trough-to-peak then peak-to-trough
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oscillations in the temperature, across all of these different timescales, has
its own set of causes.
Only by understanding these period-specific climate oscillations will we
have the necessary insight to produce a climate forecast of meaning and
utility.
The journey to understanding what will happen with the 21st century climate
starts with understanding centennial-scale climate oscillations since the
climate optimum. One thing I promise to do in the following chapters is
undo all of your preconceptions about climate change, based on
scientifically validated and verified data.
Earth displays grand climate cycles lasting approximately 135 million years.
The big climate troughs are referred to as ice age epochs, each lasting tens
of millions of years.264 During the last half billion years (Phanerozoic Eon)
polar ice caps have not been a regular feature of the earth’s topography.
Global temperatures during most of this time have been significantly higher
than they are today. In fact, Antarctica’s ice sheet only began forming about
40 million years ago,265 while Greenland’s ice sheet only began forming in
earnest about 7 million years ago.266 Polar ice sheets are consistent with
being in an ice age epoch.
The current ice age epoch is said to have begun 2.6 million years ago at the
start of the Pleistocene Era, with the Arctic and Antarctic ice sheets waxing
and waning in cycles. In Antarctica, these cycles have averaged 97,000
years during the last 800,000 years.267 According to conventional timelines
the Pleistocene Era ended 11,700 years ago, whereupon the Holocene
interglacial is said to have started.268
During the Pleistocene Era earth’s climate passed through a series of
temperature cycles, commonly referred to as glacial cycles. Glacial cycles
are composed of periods of freezing (glacial periods) when snow and ice
accumulate in the polar regions and at high altitudes, and sea levels decline.
Glacial periods are followed by periods of warming (interglacial periods)
when the polar ice melts and sea levels rise. For the purposes of this book I
refer to the glacial period as an “ice age,” which typically lasts for about
75,000 years.
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This Ice Age Started at the Poles after the Holocene Climate
Optimum 8–10.5 Millennia Ago
Each glacial cycle displays recurring phases and common points of
reference such as a climate optimum, a glacial maximum, an interglacial
period, and a first main trough after the climate optimum (Figure 3.1).
Interglacial periods are warming phases that extend from the glacial
maximum (i.e., peak of the ice age) to the climate optimum. The glacial
maximum represents the lowest temperature of the glacial cycle, during
which the maximum ice mass and lowest sea levels exist. A climate
optimum represents the highest temperature period of the glacial cycle at the
end of the interglacial period, during which ice mass is at its lowest and sea
level is at its highest. Ice ages start after the climate optimum. Glacial cycles
last on average for 93,000 years, and are comprised of 75,000 years of ice
age and 18,000 years for the interglacial period.269

Figure 3.1. During the last 1 million years the average glacial cycle has lasted for 92,900
years, the average interglacial period was 18,200 years long, and the interglacial
temperature rose on average 13.50C (global data). The average glacial period, or period
of freezing, lasted about 74,700 years, from the climate optimum to the next glacial
maximum.270

A number of datasets were used to understand glacial cycle temperature
changes, their relative phasings, and what stage of the glacial cycle we
occupy today. The reconstructed temperature data analyzed spans of
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3,000,000 years (global),271 800,000 years (Antarctica Dome EPICA C),272
360,000 years (Antarctica Dome Fuji), 273 248,000 years (Greenland
Oxygen-18 isotope),274 and 11,700 years275 and 49,000 years276 (Greenland).
These provide an informative panorama of the earth’s changing climate and
its historical glacial cycles.
Based on analyzing the above climate reconstructions, it becomes clear that
climate optima are specifically phased (Figure 3.2). In general, a climate
optimum is reached in Antarctica before it is reached globally. Based on two
glacial cycles, the Arctic’s climate optima 277 have occured after
Antarctica’s, but prior to the global climate optima. The Holocene Climate
Optimum was reached 10,500 years ago in Antarctica (Dome-C data), 8,000
years ago in the Arctic (Greenland data),278 and 2,100 years ago globally,
yielding a phasing gap of 8,400 years. This 8,400-year phasing gap is the
longest in the last 800,000 years of glacial cycles.
Likewise, the interval between the Holocene Climate Optimum and its
preceding climate optimum was the longest recorded in the above-cited
global and Antarctic climate data.
Based on the above-cited climate phasing gaps and climate optimum
intervals, there is no justification for proposing the ice age lies ahead of us.
There is even less justification for thinking the ice age lies ahead of us today
when you realize there is more polar ice present now than there was at the
Holocene Climate Optimum (see below).
This means that the climate optima temperature peaks for Antarctica 10,500
years ago, Greenland 8,000 years ago, and globally 2,100 years ago,
represented the end of the previous interglacial period. As stated above, ice
ages start after the climate optimum. The conclusion therefore is that this Ice
Age started 8,000 and 10,500 years ago in the north and south poles
respectively, and 2,100 years ago globally.
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Figure 3.2. Nine of Antarctica EPICA Dome C’s glacial cycle temperature peaks
(climate optima) were compared with their corresponding global climate optima over the
last 800,000 years. Red dots and numbered dates are used to highlight the corresponding
Antarctic and global climate optima. In all but two glacial cycles the climate optimum
was reached in Antarctica first, on average 2,100 years before it was reached globally.
The Holocene Climate Optimum was reached 10,500 years ago in Antarctica (Dome-C
data) and 2,100 years ago globally, yielding a phasing gap of 8,400 years. This 8,400year phasing gap is the longest in 800,000 years of glacial cycles. See the data table
summary in the citation for all climate optima timings, phasings, and intervals.279

Our Glacial Cycle Disorientation
The Last Ice Age Ended 20,000–24,000 Years Ago, Not 11,700
Years Ago
We are told by science and in our schools that the last ice age (glacial
period) ended 11,700 years ago, after which the Holocene interglacial
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began. However, the reality is this timing actually coincided with the end of
the Younger Dryas, or a period that represented the worst rapid climate
change event since the last glacial maximum (global data) 19,600 years ago.
Prior to the end of the Younger Dryas 11,700 years ago, and within the
space of a few decades, the temperature in the Arctic dropped by about nine
degrees Celsius. 280 The temperature did not recover for another three
hundred years. During this time the Arctic ice sheets advanced and the most
pronounced fauna extinctions of the Holocene interglacial took place,
including dozens of mammalian and avian species.281,282
Climate data reconstructions show that the lowest temperature at the last
glacial maximum in Greenland (GISP2 ice core)283 occurred 24,098 years
ago, in Antarctica at Dome Fuji 19,300 years ago,284 and globally the lowest
temperature occurred 19,600 years ago.285 The Antarctica Dome-C286 and
Greenland Ice Core Project (GRIP)287 climate data reveal similar glacial
maximum and climate optimum timelines to those displayed in Figure 3.3.
The correct date for the last glacial maximum (i.e., end of the last ice age)
can be seen in Figure 3.3 relative to the 11,700-year date for the end of the
Younger Dryas.
By the end of the Younger Dryas 11,700 years ago, when the current
Holocene interglacial had “officially” started (as we are told), nearly twothirds of the Holocene’s total sea level rise, and three-quarters of the
Holocene’s total temperature rise had already taken place (see table
summary in the citation).288 Therefore, equating the end of the Younger
Dryas with the end of the last ice age means we are in error as to the correct
stage of the glacial cycle that we are in now.
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Figure 3.3. Reconstructed global,289 Antarctic,290 and Arctic291 glacial cycle temperatures
from the glacial maximum (lowest temperature, red diamond shape) to just past the
climate optimum (highest temperature) delineate three points of reference i.e., the last
glacial maximum, the end of the Younger Dryas 11,700 years ago, and the Holocene
Climate Optimum (red triangle shape). The glacial maxima and the climate optima are at
either end of the interglacial period. The supposed end of the last ice age 11,700 years
ago (11.7 kiloyear) is marked above. If the ice age ended 11,700 years ago the 11.7
kiloyear marker should be close to the glacial maximum marker at the bottom of the
graphics, but this is not the case. Conclusion: The ice age ended between 19,300
(Antarctica) and 24,000 years ago (Arctic). The Younger Dryas ended 11,700 years ago.
The 8,000–12,000 intervening years between the glacial maximum and the 11.7-kiloyear
timeline hides most of the real Holocene interglacial (sea level and temperature rise) and
a number of rapid climate change events that caused major species extinctions.

Millennia of Ice That Accumulated after the Climate Optimum
Has Melted Since the Mid-19th Century
More generally, the Arctic’s Holocene Climate Optimum occurred between
8,000 and 5,000 years ago, varying regionally in onset. Temperatures were
in general two to four degrees Celsius higher than today.292,293,294
Greenland’s ice sheet margins retreated to less than their extent today
between seven and four thousand years ago, 295 reaching their minimum
extent between five and three thousand years ago.296 The zone of coastal ice
melt in the Arctic also retreated five hundred kilometers farther north, and
there were summers free of sea ice.297
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After the climate optimum, ice began to accumulate once again. This is
evidenced by an abrupt ice accumulation along Greenland’s north coast
starting 5,500 years ago; northeast Greenland was ice-locked by about 3,000
years ago.298 In Greenland’s southeast, today’s Kulusuk glacier region had
been ice-free during the climate optimum. Then, between 4,100 and 1,300
years ago, there were six major glacial advances, which coincided with
major cooling episodes in the North Atlantic Ocean.299
The number of glacial advances in the second millennium CE was greater
than in the first millennium, with most of the geographically widespread and
extensive advances taking place during the Little Ice Age between the 13th
and mid-19th centuries (see Figure 3.4B).300 During this time winter sea ice
closed off previously accessible sea routes between Scandinavia and
Greenland.301
Beginning in the mid-19th century, as temperatures increased again, glacier
ice began to melt, with this accelerating over the past five decades.302,303,304
Based on Figure 3.4.B, we can appreciate that a significant part of the last
two millennia of ice accumulation has melted since the mid-19th century.
The key take-home message is that there was less glacier ice in the Arctic at
the Holocene Climate Optimum than exists today. Ice then began to
accumulate starting about five millennia ago, accelerating through the Little
Ice Age in an oscillatory manner until the mid-19th century. From the mid19th century, the newly accumulated ice began to melt, with this accelerating
in recent decades.
The ice melt since the mid-19th century happened during the current global
warming ph ase, or the trough-to-peak phase of what is a centennial-scale
climate oscillation that started in 1700 CE (Chapter 4). With most of the last
two millennia of ice accumulation having melted recently, it is difficult for
us to perceive the correct stage of the glacial cycle that we are living in.
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Figure 3.4. This image presents three smaller images (from 15) extracted from a time
series of the Laurentide and Greenland ice sheets during the Holocene. The complete
time series shows a stepwise reduction in ice extent from 11,500 years ago to its
minimum extent 5,800 years ago.305 B) A stacked time series of glacier advances and
retractions during the last two millennia. A small number of glacier advances occurred in
many regions between the first and twelfth centuries CE. There was a sharp increase in
the number of glacier advances from the 13th century to the mid-19th century, after which
glaciers started to recede. 306 Conclusion: We entered the current ice age after the
Holocene Climate Optimum. There were significant glacial advances during the current
era, especially during the Little Ice Age, but much of this ice has melted since the mid19th century.

Antarctica Has More Ice Today than at the Climate Optimum
During the last glacial maximum, about 20,000 years ago, some parts of the
Antarctic ice sheet reached the continental shelf edge.307,308 Initial ice retreat
from the last glacial maximum was under way by between 17,000 and
14,000 years ago, and between 10,000 and 8,000 years ago melting
extended into Antarctica’s interior, with deglaciation continuing until about
5,000 years ago.309
A widespread early Holocene Climate Optimum took place between 11,500
and 9,000 years ago, with a secondary optimum between 8,000 and 5,000
years ago. By 5,000 years ago most of the Antarctic glaciers had retreated
to, or behind, their current positions. 310 During Antarctica’s climate
optimum the central interior domes of the ice sheet were actually about one
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hundred meters lower than today, telling us there was less ice than exists
today.311
During the last eight centuries Antarctica’s ice mass has waxed and waned.
Periods of high ice accumulation occurred during the last millennia, most
notably between the 14th and early 17th centuries, coinciding with the Little
Ice Age. Since the 1960s ice accumulation has increased in the high coastal
regions and over the highest part of east Antarctica.312
In conclusion, the maximum ice retreat was reached by the end of
Antarctica’s secondary climate optimum 5,000 years ago, and its inner ice
domes were 100m lower than today. Since then Antarctica’s ice mass has
increased, which is consistent with having entered a new ice age after the
climate optimum.

The Slowest Descent into an Ice Age in 2 Million Years
Since the Holocene Climate Optimum the Northern Hemisphere’s summer
temperature has slowly declined in line with the decline in Northern
Hemisphere summer insolation, or the amount of solar irradiance reaching
earth’s upper atmosphere. This millennial-scale decline in summer
insolation from its peak between 8,000 and 12,000 years ago313,314,315,316,317
creates an underlying “ice age context” for the Northern Hemisphere, one
from which there is no escape (and no 30,000-year delay). The Northern
Hemisphere’s millennial decline in summer temperature is arrived at in a
centennial-scale oscillatory manner (Figures 3.6 and 4.1).
The above-cited decline in summer insolation resulted from changes in
earth’s elliptical orbit, primarily resulting from the precession of the
summer solstice. This precession effect places the midsummer position of
the Northern Hemisphere at an ever-increasing distance from the sun in its
elliptical orbit, thus steadily reducing the amount of solar radiation reaching
the earth’s upper atmosphere.
The temperature decline since the Holocene Climate Optimum 2,100 years
ago (global data)318 is the smallest decline compared to all 33 preceding
glacial cycles during the last 2,026,800 years.319 Likewise, the temperature
decline 10,500 years after the Antarctic’s Holocene Climate Optimum is the
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smallest decline compared with all glacial cycles in the past 800,000
years.320 While this current ice age inception temperature decline is the
biggest outlier in both cases, it is not a statistically significant outlier (i.e., Pvalue >0.05). See Figures 3.5 and 3.6.
On the basis of the above data, probability indicates we’re late for a date
with a colder climate. The average glacial cycle temperature was 1.260C
lower 2,100 years ago globally, and 3.10C lower 10,500 years ago in
Antarctica, than it is at present. This suggests the odds are greater for a
change to a global cooling phase than remaining is a warming phase during
the 21st century.

Figure 3.5. The first 2,100 years of temperature data after a climate optimum was
extracted for the last 34 glacial cycles, and was rebased to zero degrees and zero time.
The temperature declined by 0.610C after the Holocene Climate Optimum, which was
1.260C above the average of all other glacial cycles in 2,026,800 years.321
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Figure 3.6. Ice core temperature data from Antarctica’s EPICA Dome C reveals that the
temperature has only declined by 1.20C (top left figure) since the Holocene Climate
Optimum 10,527 years ago. The comparator group of eight glacial cycles declined on
average by 4.30C, 10,500 years after their respective climate optima (red triangle shapes).
This difference was not statistically significant.322 Conclusion (A and B): This current
ice age inception shows the smallest decline in temperature compared with all other
glacial cycles in 800,000 (Antarctica, 3.10C higher) and 2,000,000 (global, 1.260C
higher) years.

How Our Ice Age Will Unfold
How does the typical ice age inception unfold after a climate optimum? If
this current ice age follows the trend of the past 1,000,000 years of glacial
cycles, then between the climate optimum 2,100 years ago and the next
glacial maximum the global temperature will fall about 13.50C over the
course of 75,000 years.323
The temperature will plunge three-quarters of this maximum amount (10.60C) in the first 12,700 years after the climate optimum. There will be
little respite in the ever-colder climate until we reach the first big
temperature trough after the climate optimum. How volatile or extreme the
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climate oscillations will be during this plummet is indeterminable from this
dataset, because each data point represents one century. The Greenland ice
core data suggests the temperature will oscillate on centennial timescales.
During this voyage from the (average) climate optimum peak to the average
first main trough (or inflexion point) 12,700 years later, the planet will
accumulate one-fifth of the next glacial maximum’s total ice volume, with
most of this ice forming in the Arctic.

Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

52

Chapter 4 Extreme Global Warming
Temperatures Fall Abruptly when the Climate
Switches to a Global Cooling Phase
There are three important points to convey in this chapter, which together
will help you understand why this current global warming phase will end
sooner rather than later.
First, to fully comprehend the 21st century’s climate, we must understand
centennial-scale climate oscillations, especially those taking place in the
Arctic. Embedded in the largest trough-to-peak then peak-to-trough
temperature oscillations in the Greenland ice core data are important clues
to our climate switching fate and its timing.
Second, leading solar scientists expert in climate change predict the sun will
reach the depths of this current grand solar minimum in the decades ahead,
and during this time there will be a return to a Little Ice Age-like
climate.324,325,326,327,328,329,330
Third, based on my analysis of the Northern Hemisphere climate and solar
activity data, and in support of what the leading solar scientists expert in
climate change have advised, a cold climate always follows a grand solar
minimum.
The climate data revealed to scientists by the Greenland ice core is
comprised of a series of 39 centennial-scale temperature oscillations, with
trough-to-peak and then peak-to-trough phases exceeding first plus and then
minus 0.990C. These sequential rises and falls brought the ice to a lower
temperature as the earth has moved further into this ice age. Since the
Holocene Climate Optimum and up to 1700, when the lowest ice core
temperature trough was reached, the ice core temperature declined by
4.860C. Since 1700, at the start of this last trough-to-peak or warming phase,
the temperature rose 2.870C by 1940 and still further by 2016 (Figure
4.1).331
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This chapter provides an analysis of these centennial-scale climate
oscillations, and the conclusion is very clear. The warming phase revealed
by ice cores dating between 1700 and 1940 is a statistically significant
outlier in terms of its trough-to-peak temperature rise and the time taken for
the temperature to rise. Based on a number of assessment methods, the odds
are strong for a switch to a cooling phase. This trough-to-peak then peak-totrough analysis shows we’re long overdue for a switch to a cooling phase,
and the higher the temperature sub-peak prior to that switch, the more
abrupt the temperature fall will be.
Consider also that a Northern Hemisphere cooling followed all four grand
solar minima during the Little Ice Age, and that this cooling was highly
correlated with solar activity (see Figures 4.3 and 4.4). Based on this
analysis, and if the future climate repeats trends of the Little Ice Age, then
the balance of probability is that earth will re-enter a cooling phase during
the current grand solar minimum.

When Will This Global Warming Phase End?
To better understand the current climate and the IPCC’s global warming
story (i.e., since 1880), it is necessary to understand how the global and
Northern Hemisphere atmospheric temperature between 1880 and 2016332
relate to the Greenland ice core temperature data between 5980 BCE and
1960.333 These data sets overlap each other and permit us to understand that
the 1880-2016 trough-to-peak temperature rise is but a fragment of a larger
global warming trough-to-peak phase that started in circa 1700 (see Figure
4.1).
By comparing today’s temperature only with that in 1880 we are being led
to believe that a 1.020C rise in temperature since 1880 is the highest on
record. 334, 335 However, when today’s temperature is compared with the
Holocene Climate Optimum’s temperature 7,980 years ago, then that
highest rise in temperature on record actually represents a decline of 1.90C
(Figure 4.1). According to climate science experts who specialize in the
Holocene Arctic climate, the Arctic temperatures was in general two to four
degrees Celsius higher 8,000 to 5,000 years ago than it is today.336,337,338
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The Arctic ice core data, like the Antarctic data, global data, and the
Northern Hemisphere insolation data (Chapter 3), tells us emphatically that
we have already entered an ice age (8,000 years ago). After the Holocene
Climate optimum, the temperature declined 4.860C by 1700.339 This decline
took place in a centennial-scale oscillatory manner. These centennial-scale
climate oscillations comprised 39 temperature increases exceeding 0.990C
(trough-to-peak phases, range 1–15 decades, mean 88 years), which were
followed by temperature declines exceeding 0.990C (peak-to-tough phases,
range 1–10 decades, mean 76 years), among smaller temperature
oscillations.340

Figure 4.1. A graphic of Greenland’s ice core climate reconstruction from
9080 BCE to 1960 CE is positioned alongside a 20-year moving average of
the Northern Hemisphere temperature anomaly (1870 to 2018; right hand
diagram). This depicts how the modern instrument era-derived Northern
Hemisphere temperature data relates to Greenland’s ice core temperature
data. This juxtaposition of different climate data was done to give an
approximate bearing on today’s climate relative to the climate optimum.
The temperature declined by 4.860C between the Holocene Climate
Optimum in 5980 BCE and 1700 CE, then rose by 2.870C between 1700 CE
and 1940 CE. The 2016 temperature peak is still 1.90C lower than at
Greenland’s Holocene Climate Optimum 8,000 years ago. By 2018 the
Northern Hemisphere’s temperature had declined by 0.270C from its 2016
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peak.341 Conclusion: Greenland entered an ice age 8,000 years ago. The
lowest temperature since the climate optimum was in 1700, and was reached
in a centennial-scale oscillatory manner comprised of dozens of sequential
warming and cooling phases. The IPCC’s anthropogenic global warming
story starts in 1880, and was “grafted on” to the trough-to-peak warming
phase that started in 1700 before the anthropogenic influence became
significant.
The above-cited 39 trough-to-peak temperature rises exceeding 0.990C
between 7,980 years ago and 1960 were extracted from the Greenland ice
core data (see Figure 4.2). This indicates that the 1700-1940 rise of 2.870C
was the largest statistical outlier since the Holocene Climate Optimum.
These 39 warming phases were stratified into two temperature groupings.
Group 1 was comprised of five temperature rises greater than 1.770C, while
group 2 comprised 34 rises between 0.990C and 1.560C. Group 1’s
temperature rises were significantly different from Group 2’s, indicating that
these were extreme warming phases that preceded climate-modifying
human activity. You can read the statistical analysis summary in the endnote
citation for Figure 4.2 to get the important details.
Based on this comparative analysis of extracted trough-to-peak temperature
rises, I concluded that there is a greater probability the ice core temperature
will decline than continue its rise through the rest of the 21st century.
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Figure 4.2. A) Thirty-nine trough-to-peak temperature rises exceeding 0.990C (red
segments) between 7980 years ago and 1960 were extracted for analysis. To help
visualize statistical outliers, upper/lower Bollinger bands (pale grey) are used to highlight
the peaks and troughs falling outside two standard deviations (95% confidence limits
relative to a 60-period moving average, black line). The 39 trough-to-peak rises were not
normally distributed and were stratified into two groups (≤ or ≥ 1.770C) based on
goodness-of-fit and outlier tests. The outlier test highlighted that those peaks rising more
than 1.770C were significant outliers, and that the 2.870C rise from 1700-1940 was the
biggest outlier. The stratification yielded two normally distributed groups that were
significantly different from one another. B) This figure graphically displays the 39
trough-to-peak warming phases (rebased) plus a grafted peak +2.810C (see Figure 4.1
citation for the rationale of the grafted peak). Group 1 outliers are blue and red (extreme
outliers)342 Conclusion: There is a greater probability the climate will switch back to a
cooling phase than continuing its rise throughout the 21st century.

Outlier Arctic Warming Peaks Fall Abruptly after a Climate
Switch
I wanted to understand if there were differences between Groups 1 and 2
once the climate switched to a cooling phase. My analysis shows that when
the climate switches the temperature decline is deeper and more abrupt with
the Group 1 outliers than with Group 2.
Groups 1 and 2 were compared for their magnitude of temperature decline,
and the time taken to reach the first post-peak and the final trough. Group 1
(the big outlier peaks) dropped rapidly to its maximum decline of 1.920C
within 40 years, whereas Group 2 declined 1.030C in a similar timeframe.
This difference in temperature decline was statistically significant (see the
citation).343
Some of the Arctic’s coldest periods, biggest glacier advances, and
important rapid cooling events since the Holocene Climate Optimum are
included in Group 1 (see previous citation’s table for the years
involved). 344,345,346 Group 1 also includes the 4.2 kiloyear rapid climate
change event associated with the extreme drought that precipitated the fall
of Ancient Egypt’s Old Kingdom, the Akkadian Empire, and the Indus
Valley Culture.
The conclusion I drew from this analysis is the bigger the trough-to-peak
phase, the greater the magnitude of temperature drop and the more abruptly
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it falls from peak-to-trough after the peak (i.e., within 40 years). The
implication for this current 1700-2016 warming phase is that the climate
will switch back to a cooling phase, and the temperature will decline
sharply.

Carbon Dioxide Did Not Cause the 1700-2016 Trough-to-Peak
Northern Hemisphere Warming Phase
Additionally, Group 1 (big peaks less than the 1700-2016 peak) took an
average of 105 years to go from trough to peak, whereas the 2016 peak took
316 years (1700 CE trough start). The implication of this time difference is
that we’re two centuries overdue for an abrupt decline in the temperature.
Now, I hear the global warming alarmists among you retort that this delay is
due to human activity.
Just so we are clear. This two-century delay in the switch to a cold climate
phase is a result of a prolonged grand solar maximum phase. This twocentury delay is not due to the unabated rise in carbon dioxide levels
associated with human activity. That carbon dioxide is not the cause of this
two-century delay becomes evident when one looks at the Northern
Hemisphere temperature data347 in relation to the data for solar activity and
carbon dioxide (see Figure 4.3).
The Northern Hemisphere temperature started to increase in 1713; two years
after the solar activity data indicated that the sun had entered a solar
maximum phase. The use of an 18-year moving average for the Beryllium10 concentration anomaly (i.e., a measure of solar activity) means the
temperature, in reality, lagged behind solar activity by at least one 11-year
solar cycle (see Figure 4.3 for an explanation of this lag). The inversely
related solar activity and temperature anomaly data have strongly mirrored
each other’s volatilities (i.e., as one goes up the other goes down), from the
start of this 1700-2016 warming phase, as well as since 1406 (see Figure
4.4).
On the other hand, atmospheric carbon dioxide related to human activity did
not dominantly feature in 1713 when this current trough-to-peak warming
phase began. You can also see that the carbon dioxide concentration has
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annual to decade time-scales since 1713. This means carbon dioxide was
consequential and not causative of this 300-year climate oscillation. This
conclusion is fully aligned with the science that says elevated atmospheric
carbon dioxide results from ocean degassing plus human activity, and does
not cause or control, the temperature rise.348,349,350,351,352

Figure 4.3. The 1700–2000 centennial-scale temperature oscillation represents a global
warming “outlier,” the cause of which preceded significant human activity by circa 250
years. A) The Northern Hemisphere temperature anomaly highlights a strong inverse
correlation with the 18-year moving average Beryllium-10 concentration anomaly
(“Beryllium-10”, solar activity proxy). In 1711, the Beryllium-10 began its decrease
phase (i.e., increase in solar activity), whereas the temperature began to rise two years
later from its deep trough in 1713. This relationship tells us the temperature lagged
behind the rise in solar activity (viz., a declining Beryllium-10). The use of an 18-year
moving average for the Beryllium-10 concentration anomaly means the temperature, in
reality, lagged behind fluctuations in the Beryllium-10 concentration anomaly by at least
one 11-year solar cycle. This 11-year solar cycle lag (approximate) is composed of 9
years (i.e., half of a 18-year moving average), plus a two year lag in the temperature rise
(behind the Beryllium-10 rise), plus one year353 before the newly produced Beryllium-10
in the upper atmosphere reaches earth’s surface where it can be incorporated in ice cores
(and thus be measured). These two parameters also tracked one another’s variations,
putatively supporting a cause-and-effect relationship. B) On the other hand, since 1713
the rising carbon dioxide concentration has poorly tracked the Northern Hemisphere
temperature volatility on multi-annual and decade time scales (see Figure 4.4), indicating
it is consequential and not causative.354

Cold Climates Always Follow Grand Solar Minima
Between 1400 and 1900, the Northern Hemisphere was on average about
10C colder than in the late 20th century, with this varying on a regional
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basis. The coldest region during the Little Ice Age was the Atlantic sector of
the Arctic.355,356
All four officially recognized grand solar minima of the Little Ice Age were
associated with troughs in temperature in the Northern Hemisphere (Figure
4.4). These Little Ice Age grand solar minima were the Wolf (1280-1350),
Spörer (1450-1550), Maunder (1645-1715), and Dalton (1790-1830)
minima. These grand solar minima coincided with the biggest glacier ice
advances experienced since the Holocene Climate Optimum (Figure 3.4).357
For the years 1406 to 1889, a statistically significant inverse relationship
exists between the Northern Hemisphere temperature and the solar activity
proxy (i.e., 18-year moving average Beryllium 10 concentration anomaly)—
that is, for 484 years of the Little Ice Age period. This relationship is
highlighted in Figure 4.4.A. The correlation was maximized using an 18year moving average of the Beryllium-10 concentration anomaly, over the
raw Beryllium-10 data and a 5-year and 11-year moving average. The use of
the 18-year moving average is the equivalent of saying the temperature lags
behind the solar activity by about one 11-year solar cycle. When all four
grand solar minimum phases (viz. increasing 18-year moving average
Beryllium-10 concentration anomaly) and associated temperature decline
phases were extracted and synthesized into a new data series, one grand
solar minimum after the other, the correlation coefficient was further
increased (Figure 4.4.B).
The above (together with Figure 4.4) tells us that solar activity was
inversely correlated to a high degree with the Northern Hemisphere’s
temperature during the Little Ice Age, with each data parameter strongly
mirroring the movement of the other data parameter, i.e., as one goes up the
other goes down. It also tells us that the solar activity-temperature
relationship strengthened during the periods of grand solar minima. In other
words, declines in temperature during a grand solar minimum always
followed a decline in solar activity.
Based on the strong correlation between solar activity and the Northern
Hemisphere temperature during the Little Ice Age, if this relationship is
repeated during this grand solar minimum, then the planet will cool. This
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conclusion is fully aligned with the consensus conclusion of solar scientists
who are experts in climate change (see next).

Figure 4.4. A) Time series: A statistically significant inverse correlation exists between
the 18-year trailing average of the Greenland ice core Beryllium-10 isotope concentration
anomaly (red line) and the annual Northern Hemisphere temperature anomalies (blue
line). Both data parameter variations also tracked one another’s variations to a high
degree, putatively indicating a cause-and-effect relationship. Beryllium-10 is produced in
the atmosphere by high-energy cosmic ray collisions with oxygen and nitrogen atoms,
and is a well-established proxy for solar activity. High Beryllium-10 ice core
concentrations indicate low levels of solar activity, and vice versa. B) All four grand
solar minima of the Little Ice Age were characterized by a strengthening of the
relationship between the increasing 18-year moving average Beryllium-10 concentration
anomaly and the declining Northern Hemisphere temperature anomaly. See the citation
for the detailed statistical analysis summary. 358 Conclusion: The cold Northern
Hemisphere climate during the Little Ice Age lagged behind the decline phase of solar
activity. A grand solar minimum in solar activity is always associated with a colder
Northern Hemisphere climate.

Solar Scientists Predict a Cold Climate Will Accompany this
Grand Solar Minimum
The intention of the following paragraphs is to highlight the fact that there
are solar and earth system scientists, expert in climate change, who have
made climate predictions linked to the grand solar minimum we are now
entering. These leading experts include Habibullo Abdussamatov, Jan-Erik
Solheim, Nicola Scafetta, Theodor Landscheidt, Rick Salvador, and NilsAxel Mörner.
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The above experts utilize different solar activity-related climate forecasting
methods, all of which have provided a very consistent and consensus set of
climate forecasts and predictions relating to this grand solar
minimum.359,360,361,362,363,364,365 Their consensus view, at odds with the IPCC,
is that there will be a return to Little Ice Age-like conditions during this
grand solar minimum. They expect that the trough of this grand solar
minimum will be reached in the decades ahead, with a range between 2030
and 2060.
Some of the forecasting models utilized by these experts were also able to
backward forecast (hindcast) the sun’s activity (grand solar minima and
maxima) and associated climate change since the Holocene Climate
Optimum. This millennial-scale hindcasting ability provides a level of
validation for the forecasting methods these solar scientists utilize.366,367
These solar scientists’ climate forecasting methodologies relate to how solar
activity occurs in cycles that have predictable periodicities. These solar
activity-related periodicities are also embedded in the climate data in a
highly correlated manner. Effectively, solar activity is controlled by the
gravitational and angular momentum impact of the giant planets (i.e., Jupiter
and Saturn). This planetary impact wobbles the solar system’s center of
mass and perturbs solar dynamo processes, which in turn are responsible for
generating the sun’s magnetic field (Chapter 6). The predictable nature of
planetary orbits and their impact on solar activity periodicities makes the
climate predictable, according to these experts.368,369,370,371
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Chapter 5 Climate-Forcing Volcanism,
Grand Solar Minima, and the Climate
Oscillator Switch
Volcanic activity and periods of low solar activity were dismissed or
ignored by the IPCC in its climate risk assessments provided to
governments.372 This chapter highlights why we should be concerned about
climate-forcing volcanism during this grand solar minimum.
Climate-forcing or large magnitude volcanic eruptions have been
responsible for some of the worst cold periods, droughts, and famines of the
last millennium in countries and regions such as China, India, Europe,
Africa, and the Caribbean Basin. 373,374,375,376,377,378,379,380,381,382,383,384 These
climate-forcing volcanic eruptions were responsible for the sixteen coldest
decades, and the coldest European summers, of the Current Era.385
Large magnitude volcanic eruptions have disastrous effects on global
agriculture through cold, ice, drought, and flooding. Scientists tell us that if
a Laki-like volcanic eruption (Iceland, 1783) occurred today, the global crop
production losses would be in the region of one year’s food supply for onethird of the world’s population (see Chapter 7).386 There is no publicly
available plan to manage such a global catastrophe.
Climate experts specializing in climate-forcing volcanism believe the Little
Ice Age was triggered by the Current Era’s largest magnitude volcanic
eruption at Rinjani, Indonesia, in 1257.387 Rinjani combined with other large
magnitude eruptions caused an abrupt and persistent cooling in the late 13th
century and in the middle of the 15th century. This cooling coincided with
two of the most volcanically active half-centuries since the Rinjani eruption.
These cold periods were sustained over multi-decade to centennial
timescales, and were associated with centennial-scale glacier ice expansion.
This cooling and ice expansion persisted long after the aerosols produced by
the eruptions were removed from the atmosphere.388,389,390,391,392,393
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This chapter highlights a number of discoveries and reminders relating to
the sun’s role in controlling centennial-scale climate oscillations and
cooling, and the occurrence of climate-forcing volcanism.

Volcanism and a Grand Solar Minima Caused the Little
Ice Age
Volcanic activity has been more frequent over the last 1–2 millennia than
during the preceding period back to the Holocene Climate Optimum.394,395
This increased frequency of volcanic activity during the Current Era, and
particularly since the start of the Little Ice Age, paralleled an increase in
glacier ice buildup (Figure 3.4).396,397,398
Large magnitude volcanic eruptions (VEI 4 to 7 on a scale of 1 to 8, with 7
being Rinjani or Tambora-like) are the most relevant to climate change,
because of the large quantities of sulphur dioxide they inject into the
stratosphere. Once in the stratosphere, the sulfur dioxide is converted into
sulphate aerosols.399,400 These sulphate aerosols disturb the radiative balance
of the planet by reducing the amount of sunlight reaching earth’s surface.
This in turn has a global cooling effect for 1–3 years after an
eruption. 401,402,403,404,405,406,407 The cooling impact for the larger volcanic
eruptions (VEI 7) can persist for up to a decade.408
During the Current Era the global temperature dropped by an average of
0.60C with each large tropical volcanic eruption, and by more than 10C for
Tambora-like volcanic eruptions (VEI 7).409,410 Large volcanic eruptions in
the equatorial latitudes have had the greatest cooling impact over the last
2,500 years, compared with eruptions occurring at more northern and
southern latitudes.411
The climate impact of large magnitude volcanic eruptions is not simply
confined to planetary cooling. Large magnitude volcanic eruptions have also
been responsible for some of the worst droughts and famines of the last
millennia, in countries and regions such as China, India, Europe, and Africa.
The temperature, drought, and rainfall following these large eruptions varied
according to the hemisphere in which the volcanic eruption originated, and
whether the eruption was at high latitude or of tropical origin. These climate
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forcings were due to an eruption’s impact on moving air circulation systems
(see Chapter 7).412,413,414,415,416,417,418,419,420,421,422,423

How Large Magnitude Volcanic Eruptions Cause CentennialScale Glacier Expansion
Large magnitude volcanic eruptions trigger atmospheric and ocean
circulatory system responses in the years following such an event. These can
then induce longer-lived (decade to multi-decade) changes in the Arctic’s
and North Atlantic’s climate. This in turn can have a major impact on the
global ocean temperatures for several decades, which can lead to centennialscale increases in the Northern Hemisphere’s glacier and sea
ice.424,425,426,427,428
Scientists expert in volcanic activity-induced climate change (see the next
paragraph’s citations) believe the Little Ice Age was caused by periods of
abrupt and persistent summer cooling in the late 13th century and middle of
the 15th century. These periods coincided with two of the most volcanically
active half-centuries of the last millennium. The Little Ice Age also
coincided with four successive grand solar minima, starting with the Wolf
minimum in 1280.
A large magnitude volcanic eruption is believed to have triggered the Little
Ice Age (Rinjani in 1257, a VEI 7 event),429 which was then followed by
other large magnitude volcanic eruptions, roughly one every decade. These
eruptions collectively resulted in volcanic sulfate levels during the 13th
century (as revealed by ice core data) that was many times greater than in
any other century during the last millennia. The cold periods resulting from
this 13th century large-magnitude volcanism had an impact on the climate
that was sustained over centennial timescales, and long after the eruptions’
volcanic aerosols were gone from the atmosphere.430,431,432,433,434
Low solar activity-induced alterations of atmospheric circulations are
thought to play an important role in glacier and sea ice expansion
processes. 435 The North Atlantic Oscillation is a dominant Northern
Hemisphere atmospheric circulation, and is the key determinant of the
winter climate over the North Atlantic. 436,437,438,439,440,441,442 A prolonged
negative phase of the North Atlantic Oscillation was experienced during the
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Little Ice Age, which was associated with increased ice accumulation during
the Little Ice Age.443,444
Importantly, the North Atlantic Oscillation is coupled to the upper
atmosphere (i.e., the stratosphere) by some complex physical
processes,445,446 and its phase and strength are correlated with geomagnetic
activity (i.e., earth magnetism), which is known to be modified by
magnetized solar wind. 447 , 448 , 449 The North Atlantic Oscillation is also
modified by changes in the loading of the stratosphere with volcanic
aerosols.450,451
The above paragraphs collectively highlight that climate-forcing volcanism
and the North Atlantic Oscillation were instrumental in the Little Ice Age’s
cold climate and ice accumulation mechanism. This mechanism led to an
increase in sea ice entering the sub-polar North Atlantic region from the
Arctic (referred to as “sea ice exports”). These sea ice exports in turn
weakened the North Atlantic branch of the Atlantic thermohaline circulation
(i.e., a salt concentration and temperature-driven ocean circulation system),
and reduced warm water entry into the Arctic region. The increased sea ice
exports and changes to the ocean circulation system “reinforced” the ice
generating process, which led to centennial-scale glacier ice expansion in
the Arctic (viz. glacier ice expansion mechanism).452,453,454,455,456

Are Grand Solar Minima and Maxima the Master
Regulators of Glacier Ice Expansion?
One of the key pieces of the climate change jigsaw that is missing in the
scientific literature is the elucidation of a natural oscillatory control
mechanism that is the “master controller” of centennial-scale climate change
and glacier ice expansion. Understanding this missing centennial-scale
control mechanism is fundamental to forecasting the 21st century climate,
and in turn to advising governments on mitigating the risks accompanying
climate change.
When viewing Figure 5.1, which depicts sunspot numbers between 9104
BCE and 1895 CE, it becomes obvious that sunspot cycles constitute a
natural oscillator. This solar activity oscillator is similar to the temperature
oscillation evident in the Arctic ice core temperature data (Figure 4.2), albeit
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the two are not always in phase with each other. The duration of both the
larger sunspot number oscillation and the temperature oscillation is typically
one to two centuries from peak-to-peak.
A number of analyses were conducted utilizing data from two different
volcanic eruption databases. The analysis below assessed if solar activity
and climate-forcing volcanism were associated with centennial-scale climate
oscillations.
A quantitative filter was applied to the National Oceanic and Atmospheric
Administration (NOAA) volcanic eruption database, 457 resulting in the
selection of the 73 largest volcanic eruptions over the last 11,000 years.
These 73 eruptions caused the greatest climate forcing (i.e., cooling), or
reduction in solar irradiance reaching earth’s surface through their impact on
stratospheric sulphate aerosols. All 73 climate-forcing volcanic eruptions
were plotted against the sunspot numbers over 11,000 years, to help
visualize their distribution in time and relative to solar activity oscillations
(see Figure 5.1.A).
The standout finding of this analysis was that large magnitude volcanic
eruptions are concentrated around the major and minor sunspot number
peaks and troughs. Seventy-seven percent (56 of 73) of these large
magnitude volcanic eruptions occurred at or within a decade of a grand solar
minimum or maximum, or a smaller trough or peak of sunspot numbers (see
Figure 5.1.B). This relationship is not evident for smaller volcanic eruptions.
Three-quarters of these large magnitude eruptions occurred when the 500year average sunspot number fell below 37.
A similar result was obtained by plotting the 67 total VEI 6 and 7 eruptions
from the Volcano Global Risk Identification and Analysis Project
(VOGRIPA) database against 11,000 years of sunspot numbers. This
analysis showed that 82 percent of all VEI 6 or 7 events occurred at or
within a decade of a sunspot number peak or trough. Three-quarters of these
VEI 6 and 7 events occurred when the 500-year average sunspot number fell
below 34.458
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Figure 5.1. A) A quantitative filter (see citation methodology) was applied to a National
Oceanic and Atmospheric Administration (NOAA) volcanic eruption database. This
volcanic eruption data was derived from Greenland’s GISP2 sulphate record and was
used to estimate the number of volcanic eruption events. In this manner, the 73 largest
climate-forcing volcanic eruptions were selected covering the last 11,000 years. All 73
large magnitude volcanic eruptions were plotted against the sunspot numbers (NOAA
provided). This combined data was used to create Figure 5.1.B. B) Seventy-seven
percent (56/73) of large magnitude volcanic eruptions occurred at or within a decade of a
grand solar minimum (i.e., deep sunspot number trough) or grand solar maximum (i.e.,
sunspot number peak), or within a decade of a smaller trough or peak going into or
coming out of a grand solar minimum. This resulted in the skewed distribution of the
eruptions in the zero and ±1 decade groups relative to the ±2–5 decade groups. The mean
sunspot number trough-to-peak or peak-to-trough duration was ten decades (standard
deviation 4.7 and range 3–25 decades).459 Conclusion: Grand solar minima and maxima
±1 decade represent high-risk times for climate-forcing volcanic eruptions.
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Figure 5.2. A) VOGRIPA’s record of large magnitude volcanic eruptions (VEI 6 or 7),
associated with the Little Ice Age were plotted against reconstructed sunspot numbers.
The Rinjani volcanic eruption occurred at the grand solar maximum just prior to the
Wolf minimum and triggered the Little Ice Age. You can see how 5 of the 11 large
magnitude volcanic eruptions took place at or near the troughs in these grand solar
minima periods. A further 3 of 11 large magnitude volcanic eruptions (VEI 6 or 7)
occurred half way into a grand solar minimum, while the remaining 3 of 11 eruptions
occurred at grand solar maximum sunspot peaks. B) These two figures highlight the
association of large magnitude volcanic eruptions with grand solar maxima and minima
(i.e., big peaks and deep troughs), as well as with the smaller peaks and troughs. The first
of these two figures coincides with the 8.2-kiloyear rapid climate change event, the most
abrupt and deepest cooling event in the last 8,500 years, which left its imprint in the
climate record around the world. 460,461 , 462, 463 Conclusion: Grand solar minima and
maxima, and smaller sub-peaks and sub-troughs represent high risk periods associated
with the “triggering” of climate-forcing volcanic eruptions.464

Since the Holocene Climate Optimum, a statistically significant inverse
relationship has existed between the 500-year average sunspot numbers and
the 500-year bin totals of climate-forcing volcanic eruptions. This
relationship markedly diminished when the period of correlation calculation
was extended from the last 8,000 years out to the last 11,000 years. The
correlation also diminished when the duration of the 500-year average
sunspot numbers and the 500-year bin totals of climate-forcing volcanic
eruptions were each reduced to 400 and 300 years. If the solar activityvolcanism relationship is real, then a long-term process involving
magnetized solar wind465 is implicated in causing climate-forcing volcanic
eruptions (see Figure 5.3).
A stronger non-linear relationship was demonstrated using the VOGRIPA
Large Magnitude Explosive Volcanic Eruption database data, while utilizing
the same methodology detailed in Figures 5.3.A and 5.3.B. This non-linear
relationship, if real, would seem to indicate that as the 500-year average
sunspot number declines below 17 there is an accelerative increase in
climate-forcing large magnitude volcanic eruptions (VEI 4–7), i.e., more
bang for your low sunspot number buck. However, caution is merited in
interpreting this potential non-linear relationship, given that many volcanic
eruptions in the more distant past (i.e., before the last millennium) are not
part of the scientific record. This can give the impression of an accelerative
increase in volcanism during the Little Ice Age.466,467
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Figure 5.3. A) Five hundred-year totals of large volcanic eruptions were plotted against
500-year average sunspot numbers occurring since the Holocene Climate Optimum. The
two-period moving average trend lines highlight an inverse relationship (i.e., one goes
up, the other comes down). The last 2,500 years have seen a declining trend in 500-year
sunspot numbers, with the 500-year period ending in 1895 having the lowest 500-year
sunspot number average in 7,500 years. B) A scatter plot presents 5.3.A’s data
differently, and highlights a statistically significant relationship between long-term
average sunspot numbers and climate-forcing large volcanic eruptions.468 Conclusion: If
low sunspot numbers are involved in triggering climate-forcing volcanism, then a longterm process involving magnetized solar wind is implicated.

Figure 5.1 visually demonstrates that the majority of climate-forcing
volcanic eruptions occurred at or within one decade of a grand solar
minimum or maximum, or at or within one decade of a smaller sunspot subpeak or sub-trough. This alludes to the potential role of solar activity in
triggering climate-forcing volcanic eruptions on centennial timescales. This
triggering is associated with the grand solar maximum peaks and grand solar
minima troughs, or the change in phase from trough-to-peak or peak-totrough (smaller peaks and troughs).
At the same time, Figure 5.3 indicates that a long-term declining trend in
sunspot numbers (i.e., solar activity) is associated with an increase in the
frequency of climate-forcing volcanic eruptions. It is telling that threequarters of large volcanic eruptions occured when the 500-year sunspot
number average fell below 35 (average of NOAA and VOGRIPA data). In
other words, as the sun goes into a long-term magnetic sleep cycle, and solar
irradiance is in its ice age mode (precession of the summer solstice), the
planet cools and accumulates ice at the poles in an oscillatory manner
(Figures 3.4 and 3.4.B).
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How Solar Activity and Climate-Forcing Volcanism
Control our Ice Age Descent
The implications of the data included in Figures 5.1, 5.2, and 5.3 are that
grand solar minima and maxima, combined with a long-term declining trend
in solar activity, represent high-risk periods for climate-forcing volcanism.
Climate-forcing volcanism (linked to solar activity), together with the
previously described glacier ice expansion mechanism, are responsible for
causing long-term global cooling.469
The involvement of magnetized solar wind in triggering climate-forcing
volcanism is inferred from the cosmogenic isotope carbon-14 used to
reconstruct the sunspot numbers (see the citation for an explanation of this
inference).470,471 This carbon-14 sunspot number data (derived from tree
rings) correlates with climate-forcing volcanism (Figures 5.1 and 5.3).
Therefore, solar activity-triggered volcanism, mediated via magnetized solar
wind, indirectly links the sun to rapid cooling processes (i.e., via sulphate
aerosols). This solar activity-induced volcanism operates on a multi-annual
timescale and is involved in triggering the previously mentioned multidecade to centennial-scale glacier ice expansion mechanism.472,473,474,475,476
It therefore follows that climate-forcing volcanic eruptions triggered at or
near a grand solar minimum trough (Figure 5.2.A, i.e., Spörer minimum)
work in concert with the magnetized solar wind climate mechanism to cool
the planet and kickstart glacier ice expansion. Sea ice and ocean feedback
processes, together with periodic VEI 4 or 5 eruptions, then further
propagate this glacier expansion on centennial timescales.
Likewise, it follows that climate-forcing volcanic eruptions triggered at the
peak of a grand solar maximum (Figure 5.2.A, i.e., Rinjani in 1257), would
rapidly cool the planet (via sulphate aerosols). Such a grand solar
maximum-associated eruption would then “regulate” the magnitude of the
temperature peak and help realign the temperature oscillation with its
climate-leading solar activity oscillator, if the temperature got out of phase
(i.e., through other climate system perturbations). Similarly, climate-forcing
volcanic eruptions occurring on entry into a grand solar minimum, while the
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temperature is at a peak (e.g., as with 2016’s temperature peak) would also
rapidly cool the planet.
We should therefore be reminded that one climate-forcing volcanic eruption,
occurring at the grand solar maximum, or going into a grand solar
minimum, or at the trough of a grand solar minimum, over which humans
have no control, poses great risks to our way of life. In other words, the
IPCC was wrong to dismiss the important role of volcanism and solar
activity in their climate change theory, climate forecasts, and their risk
assessments provided to governments (see Chapter 7).
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Chapter 6 The Solar Activity Science of
Global-Scale Catastrophic Risks
The purpose of this chapter is to highlight two important scientific concepts,
linked to magnetized solar wind and its impact on climate and tectonicvolcanic processes. Understanding how magnetized solar wind impacts
earth’s magnetosphere and its length of day (i.e., rate of rotation) is
important because it opens us to the science of solar activity-related risks
associated with global catastrophes.
First, the sun connects with the climate system in two main ways: via solar
irradiance (electromagnetism), and by its magnetized solar wind
(magnetism). Magnetized solar wind impacts earth’s magnetosphere (i.e., its
magnetic shield), earth’s length of day, and the earth’s atmospheric and
ocean circulations, giving it numerous secondary or sub-levers on the
climate system.477,478,479,480,481,482,483,484,485,486,487,488,489
Second, solar activity-induced changes to solar wind, geomagnetism, and
earth’s length of day also impact tectonic processes (i.e., earthquakes and
volcanism).490,491,492,493,494,495,496,497,498,499,500,501,502
The unseen risks linked to solar activity include a switch to a cold climate
phase and centennial-scale glacier expansion (Chapters 3–5), extreme
changes in precipitation (Chapter 7), climate-forcing volcanic eruptions
(Chapters 5–6), earthquakes (Chapter 6), and pandemic flu outbreaks
(Chapter 14).

Planetary Orbital Forces Make the Sun Wobble, Causing
Solar Cycles
The sun physically oscillates around the solar system’s center of mass on its
journey through galactic space. This wobble effect on the solar system’s
center of mass is due to the gravitational and angular momentum impact of
the giant planets, specifically Jupiter and Saturn. This wobble effect results
in a number of periodic oscillations in the movement of the sun about the
solar system’s center of mass.503,504,505
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Physical forces operating between the planets as they orbit the sun also
affect the rate at which planets rotate, and the sun’s rate of rotation as well.
Cycles of differential rotation by the sun are thus established, which then
determine the multiple periodicities of the sun’s activity. Earth’s rate of
rotation is also subject to these same planetary forces acting on the sun.506
This planetary influence on the sun’s motion around the solar system’s
center of mass perturbs the sun’s internal solar dynamo processes. The solar
dynamo is responsible for generating the sun’s magnetic fields. Cycles of
solar activity therefore manifest in sunspots, solar flares, solar irradiance,
coronal mass ejections, and the sun’s magnetic fields emanating into space
(magnetized solar wind).507
Sunspot numbers rise and fall over an 11-year cycle (see Figure 6.1), and
these sunspots can be observed on the surface of the sun as dark discs. The
current Solar Cycle 24 began in January 2008.508 This is the third 11-year
cycle in a row since the peak of Cycle 21 in the late 1980s with diminishing
peak sunspot numbers.509
These diminishing peaks and troughs of solar activity highlight the influence
of longer-term solar cycles that impact the magnitude of the 11-year solar
cycle (sunspot numbers), and indicate that the sun is moving into a grand
solar minimum phase. These longer-term cycles include the Gleissberg (50–
80 and 90–140 year periods) and Suess cycles (170–260 year periods).510 At
this stage of the glacial cycle, the sun spends about twice the time in grand
solar minima compared with grand solar maxima.511
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Figure 6.1. Yearly mean sunspot numbers covering Solar Cycles 1-24 between 1700 and
2018. This highlights an approximate 11-year solar cycle duration, and that the peak
sunspot number for each 11-year solar cycle vary over longer-term cycles. The peaks and
troughs of these longer-term solar cycles are referred to as grand solar maxima and
minima respectively.512 Conclusion: Solar Cycle 24 is progressing toward a grand solar
minimum in terms of sunspot numbers. Sunspot numbers during the 11-year solar cycle
have been in decline since the late 1980s.

Magnetized Solar Wind Controls Earth’s Length of Day
The sun’s surface represents a maelstrom of eruptive activity, the result of
the sun’s internal dynamo processes. We see this surface activity as solar
flares, coronal mass ejections, and magnetic loops. This eruptive activity
generates solar wind and magnetic fields that emanate from the sun’s
surface. The solar wind leaving the sun at varying high velocities is
composed of streams of high-energy charged particles (i.e., electrons,
protons), which are referred to as plasma.513
This high velocity solar plasma associates itself with the sun’s magnetic
field that bursts out from the sun’s surface, and drags a small portion of this
magnetic field out into the solar system. This magnetic field is then referred
to as the interplanetary magnetic field. This surface eruptive activity occurs
simultaneously with the sun’s electromagnetic emissions, or its solar
irradiance. 514 , 515 However, this magnetized solar wind is ignored or
dismissed by the IPCC in its version of the affect of solar activity on the
climate.
Magnetized solar wind interacts with earth’s magnetosphere, 516 i.e., its
cocooning magnetic shield. Solar wind produced during solar flares and
coronal mass ejections causes geomagnetic storms, whose impact becomes
concentrated at earth’s polar regions. We see an aspect of this as the
Northern and Southern Lights.
The sun’s interplanetary magnetic field interaction with the magnetosphere
changes the strength of earth’s magnetic field (i.e., registered as
geomagnetic activity), alters earth’s rate of rotation (i.e., synonymous with
the length of day), and modulates the penetration of ionizing cosmic rays
into the atmosphere. This is explained below.
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The solar wind’s interaction with the magnetosphere impacts the
ionosphere, or the electrically charged upper atmosphere, as well as the
parts of the upper atmosphere comprised of the stratosphere and
troposphere.517 Solar wind is ultimately associated with the atmosphere
through various complex coupling processes.518,519,520
Geomagnetic storms modify the strength of the stratospheric polar vortex, or
a high altitude, low pressure region over both poles, which is ultimately
coupled to the lower atmosphere. This stratospheric-atmospheric coupling
leads to changes in the pressure distribution in the polar atmosphere and the
movement of air mass. This pressure-induced movement of air mass
changes atmospheric circulations and the pressure balance over tectonic
plates.521,522,523,524,525,526,527,528
At a holistic level, the sun and its activity cycles, earth’s rotation (and orbit),
atmospheric and ocean circulations, and the sea temperature (i.e., acting as a
heat sink and source) act together as a dynamic, integrated system. Strong
solar wind creates a compressive effect around earth’s magnetosphere,
which is associated with a reduction in earth’s rate of rotation, thus
changing the length of day. This change in the length of day perturbs
atmospheric and oceanic circulations, as well as earth core, mantle, and
tectonic processes.529,530
Cyclical variations in the solar wind, driven by solar cycles, create changes
in earth’s rate of rotation. Significant correlations exist between sunspot
numbers and earth’s length of day. Variations in earth’s length of day are
known to occur on 11, 22, and 60-year cycles, as well as other periodicities.
These same periodicities are also embedded in solar activity cycles. This
confirms
the
connection
between
the
sun
and
earth
systems.531,532,533,534,535,536,537

Solar Activity Modifies the Climate System via Different
Mechanisms
While solar irradiance declines in a smooth and gradual manner on the
millennial timescale, ice age cooling trajectories can be variable, abrupt, and
oscillatory (Figures 3.6 and 4.1). The climate science field still needs to
explain the mechanism(s) for controlling centennial-scale climate
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oscillations, the variable rate of ice accumulation, and the rapid climate
change events that occurred after the Holocene Climate Optimum. This
chapter aims to highlight the evidence for the involvement of solar
magnetism in the control of earth’s climate over multiple timescales. In so
doing, we can better understand the science of solar activity-related risks.
In reviewing the data contained in Figures 4.3, 4.4, and 6.2 (solar activity
and Northern Hemisphere temperature), and in Figures 5.1–5.3 (solar
activity and climate-forcing volcanism), as well as the science reviewed
below, it becomes clear that the sun has multiple levers on the climate
system. These solar-climate levers are: (1) millennial-scale climate
modulation operating by solar irradiance, which is further modified by
changes in earth’s orbit (i.e., precession of the solstice); (2) magnetized
solar wind driving multi-annual, decade- and centennial-scale climate
oscillations (putatively via atmospheric and oceanic circulation systems); (3)
grand solar maxima and minima, and long-term trends in solar activity
associated with climate-forcing volcanism; (4) geomagnetism and its impact
on the entry of cosmic rays into earth’s atmosphere, and the modulation of
low cloud formation by cosmic rays.

Solar Electromagnetism Drives the Climate System
In Chapter 2 it was mentioned how the Northern Hemisphere’s summer
temperature decline paralleled the decline in Northern Hemisphere summer
insolation, or the amount of solar radiation reaching earth’s surface. This
millennial-scale decline in Northern Hemisphere summer insolation
(irradiance) resulting from precession of the summer solstice,538,539,540,541,542
drives our inescapable—and non-delayable—ice age destiny.
This precession of the summer solstice-mediated decline in summer
insolation gradually reduces the level of electromagnetic energy entering
earth’s atmosphere and climate system. It is this longer-term level of solar
irradiance, modified over the short- and medium-term by volcanic and
anthropogenic aerosols, natural and anthropogenic greenhouse gases, air and
ocean circulation systems, and clouds that creates our climate and weather.
The sun's total irradiance has changed by a paltry 0.1% since modern
monitoring of solar activity began in 1978. However, over longer
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timescales, such as since the Maunder minimum (1645-1715 CE), or with
shorter-term fluctuations over the 11-year solar cycle, solar irradiance has
varied more significantly.543
This variation in solar irradiance could have been by as much as 2–4 Watts
per square meter at the upper atmosphere during the Maunder minimum, as
compared to today.544 This solar cycle-related variance is the same as the
global radiative forcing impact of atmospheric carbon dioxide
concentration,545 making it significant and not ignorable.

Solar Magnetism Drives the Climate System and CentennialScale Climate Oscillations
There are a number of publications cited in the scientific literature
highlighting solar activity’s relationship to climate. For example, the global
temperature and sea surface temperature in different ocean basins have
closely tracked sunspot numbers since the mid-19th century. This climate
and sunspot relationship coincided with fluctuations in the Gleissberg cycle
(80-year solar cycle). The Gleissberg cycle influence increased the
magnitude of the sunspots in the 11-year solar cycle through the 20th
century.546
Similarly, land and air temperatures in the Northern Hemisphere are also
known to vary with the length of the eleven-year sunspot cycle.547 The
length of the sunspot cycle reflects the underlying cycles of solar activity,
and the influence of the giant planets’ gravitational and angular momentum
on the sun’s center of mass and on its dynamo processes.548,549,550
However, these two commonly cited examples of sunspot number and
climate correlations fail to offer a proven physical means by which the sun
connects with earth’s climate system. Is the sun’s climate system
connection, inferred from sunspot numbers, mediated by an electromagnetic
or a magnetic mechanism? Only assumptions can be made when attempting
to answer this question.
The use of sunspot numbers (recorded on the sun’s surface) contrasts with
utilizing cosmogenic isotopes (Beryllium-10, Carbon-14) to explore the
sun’s connections to the climate system. This is because cosmogenic
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isotopes are recovered from earth repositories (i.e., ice cores and tree rings),
and tell us about the physical means of the sun-climate system connection.
Cosmogenic isotopes levels are modified by cosmic rays, and therefore
indirectly by magnetized solar wind and geomagnetic activity (see below,
and the following citation). Cosmogenic isotopes tell us that the means of
the sun’s connection with earth systems (i.e., Northern Hemisphere
temperature, climate-forcing volcanism) is magnetism-based and not solar
electromagnetism-based (i.e., for multi-decadal to centennial-scale climate
oscillations).551
The data contained in Figures 4.3, 4.4, 5.1, 5.3, and 6.2 demonstrate how the
sun influences the climate system on multi-annual, decadal and centennial
timescales, through processes significantly correlated with magnetized solar
wind. The involvement of magnetized solar wind in climate control is
inferred from the 18-year moving average Beryllium-10 concentration
anomaly (“Beryllium-10”). Beryllium-10 demonstrated a significant inverse
correlation with the Northern Hemisphere temperature for the years between
1406 and 1985. Stronger Beryllium-10 and temperature correlations are also
evident during grand solar minimum and maximum phases.
The involvement of magnetized solar wind in triggering climate-forcing
volcanism is also inferred from the cosmogenic isotope carbon-14 data used
to establish past sunspot numbers. 552,553 This carbon-14-derived sunspot
number data correlates with climate-forcing volcanism (Figures 5.1-5.3).
This climate-forcing volcanism is also involved in the previously mentioned
glacier ice expansion mechanism.554,555,556,557,558
The Northern Hemisphere temperature closely tracks the Beryllium-10’s
variability, suggesting a true cause and effect relationship. The relationship
between Beryllium-10 and the Northern Hemisphere temperature was
strengthened during the Little Ice Age’s grand solar minima (Figure 4.4.B),
and the 20th century’s grand solar maximum (Figure 6.2). These extremes in
solar activity were associated with cooling and warming phases,
respectively.
The data underpinning Figures 4.3, 4.4, and 6.2 indicate that temperature
lags behind the changes in Beryllium-10. This lag is evidenced by the
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enhanced correlation which is observed between the 18-year moving
average Beryllium-10 data and the Northern Hemisphere temperature,
compared with the unmodified Beryllium-10 data and the 5-year and 11year moving averages of the Beryllium-10 concentration anomaly. The use
of the 18-year moving average is the equivalent of saying the temperature
lags behind solar activity by about one 11-year solar cycle (see Figure 4.3
for an explanation).
When all four grand solar minimum phases and their associated temperature
decline phases were synthesized into a new data series, one grand solar
minimum after the other, the correlation value was increased (see Figure
4.4.B). The Beryllium-10 and temperature correlations during the Little Ice
Age’s four grand solar minima and the 20th century grand solar maximum
(1889-1985) were similar in magnitude and significance.
Adding further support for a true cause and effect relationship is that the
Northern Hemisphere temperature strongly mirrored the variability of the
Beryllium-10, i.e., as one went up, the other went down. In other words,
declines in temperature during a grand solar minimum always followed a
decline in solar activity. Likewise, increases in temperature always followed
a grand solar maximum and during times of increased solar activity (i.e.,
declining Beryllium-10).
This means that solar activity, mediated by a magnetized solar wind
mechanism impacting Beryllium-10 levels in the atmosphere, leads both the
trough-to-peak (i.e., 1711-1985) then peak-to-trough phases (Little Ice
Age’s grand solar minima) of the Northern Hemisphere temperature
oscillations. This magnetized solar wind relationship is demonstrated on
multi-annual, decadal and centennial timescales, indicating it is associated
with centennial-scale climate oscillations.
The implication of the temperature lagging behind solar activity by one 11year solar cycle is that an indirect solar-climate regulation mechanism is in
play. The magnetized solar wind could be operating through atmospheric
and ocean circulation systems (i.e., North Atlantic Oscillation, El Nino
Southern Oscillation and others), which would explain the temperature lag.
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Magnetized solar wind’s ability to modify atmospheric circulations via
earth’s length of day is reviewed in this chapter.

Figure 6.2. A) A time series of Greenland’s ice core Beryllium-10 isotope concentration
(Be10, red line) and the annual Northern Hemisphere temperature (blue line) anomalies
(1889-1985) highlight an inverse relationship. As solar activity increases, the Beryllium10 isotope concentration anomaly declines and the temperature increases, due to the
effects of magnetized solar wind. B) A scatter plot of Greenland’s ice core Beryllium-10
isotope concentration anomaly and the annual Northern Hemisphere temperature
anomaly (1889-1985) is presented. A statistically significant inverse correlation exists
between the 18-year trailing average Beryllium-10 isotope concentration anomaly and
the annual Northern Hemisphere temperature anomaly. 559 Conclusion: The Northern
Hemisphere’s rising temperature between 1889 and 1985 followed an increase in solar
activity. This temperature rise coincided with the 20th century’s grand solar maximum.

Earth’s Length of Day Modifies Atmospheric Circulation
Systems
The shared periodicities between solar cycles and earth’s length of day are
also reflected in earth’s geomagnetic activity, in various atmospheric and
ocean circulations, as well as in the climate data. Shared periodicities in
activity across different earth systems highlight the connection between the
sun, earth systems, and the climate.560,561,562,563,564,565,566
When earth’s rate of rotation changes, the modified atmospheric circulations
are responsible for most of the short-term variability in the length of day, on
an annual or seasonal time scale. On the other hand, over longer-term
timescales it is earth’s molten core and internal processes that are
responsible for mediating most of the multi-decade scale and longer-term
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changes in the length of day. Glaciation and deglaciation cycles are also
associated with earth’s rotational acceleration and deceleration, indicating
the sun’s control over glacial-cycle climate change as well.567,568,569
Variations in Earth’s climate are also closely linked with atmospheric
pressure and ocean circulatory systems, which undergo changes in intensity
and location in response to variations in solar activity.570 The following
paragraphs exemplify two of the atmospheric circulations that are important
to the global climate and climate change.
The Little Ice Age’s grand solar minima were associated with an increase in
earth's rate of rotation, or a reduced length of day. This change in earth’s
rate of rotation had an important effect on the North Atlantic Oscillation.
The North Atlantic Oscillation is an atmospheric pressure system driven by
the movement of air mass across a pressure gradient between the Arctic and
the subtropical Atlantic. Ultimately, this permits cold ocean currents from
the Arctic to penetrate further south into the North Atlantic, while
redirecting warmer waters into the Mediterranean.571 The North Atlantic
Oscillation is a key controller of winter climate variability over the North
Atlantic, Western Europe, the eastern USA, Siberia, and other
regions.572,573,574,575,576,577
Importantly, the North Atlantic Oscillation is coupled to the upper
atmosphere (i.e., stratosphere and troposphere) by some complicated
physical processes by means of the stratospheric polar vortex.578,579 The
North Atlantic Oscillation’s phase and strength is correlated with solar
wind-driven geomagnetic activity.580,581,582 This confirms the North Atlantic
Oscillation’s connection to solar activity.
This coupling process in turn explains why the North Atlantic Oscillation is
correlated with earth’s length of day, global sea surface temperature, and the
Aurora Borealis (Northern Hemisphere aurora). All of these earth system
responses display a dominant 60-year cycle in their activity.583 The North
Atlantic Oscillation highlights a strong inverse relationship with sunspot
numbers since 1880.584
Likewise, the El Nino Southern Oscillation (ENSO) results from
interactions between the ocean surface and the atmosphere over the tropical
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Pacific, leading to periodic changes in weather patterns and ocean
temperatures and currents. ENSO variations also impact weather systems
around the world.585 The ENSO index of activity has also demonstrated a
strong inverse relationship with sunspot numbers since 1880.586

Geomagnetism and Cosmic Rays Impact the Climate
Significant correlations also exist between global and regional climates and
the strength of earth’s geomagnetic field, over both the IPCC’s climate
reference period (i.e., since 1880) and over much longer periods of
time.587,588,589,590,591,592 How geomagnetism modulates the climate is not fully
understood today.
However, what the climate science field understands is that an important
relationship exists between cosmic ray intensity, geomagnetism, and lowlevel clouds. More cosmic rays enter the atmosphere from space when the
sun is less active (i.e., a reduced intensity of magnetized solar wind) and
with a reduced level of geomagnetic activity. This leads to an increased
formation of low-level clouds, which is associated with planetary
cooling.593,594,595,596,597
The strongest cosmic ray and climate correlations are geography-dependent.
The strongest correlations are observed over the North Atlantic, Europe, the
Far East, and the Antarctic region.598 Over the 11-year solar cycle (from
peak to trough), the intensity of cosmic rays in the upper atmosphere can
vary by as much as 15 percent (globally averaged). Moreover, cosmic ray
levels can be 50 percent higher at the poles compared with the equator, thus
concentrating their cooling impact in the polar regions and during the
troughs of solar activity. These cosmic ray variances can significantly alter
the levels of incoming solar irradiance entering earth’s climate system. The
climate impact of variance in cosmic rays is similar, in magnitude, to a
doubling of anthropogenic carbon dioxide emissions from current levels.599

Earth’s Length of Day Impacts Volcanic and Earthquake
Activity
What proof do we have that solar activity impacts volcanic activity?
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Knowing the answer to this question can give us a better understanding of
how solar activity can trigger climate-forcing volcanic eruptions. In this
way, we can better comprehend how the sun’s activity and volcanism act in
concert to accelerate cooling and ice accumulation processes, and better
understand the risks inherent in the extremes of solar activity, such as with a
grand solar minima.
Earthquakes are explored here because tectonic and volcanic processes are
linked, and both are geographically associated with tectonic plate
boundaries. There is also a short delay between maximum volcanic activity
and maximum earthquake activity, with large earthquakes portending large
volcanic eruptions, further supporting the linkage between these
processes.600
As a general rule and summary, solar maxima or minima portend increased
volcanic and earthquake risks,601,602,603 depending on which fault line you
live near. That is to say, different continental plate margins react differently
to extremes of solar activity, so the outcome will vary depending on where
you live.604
Correlations exist between solar activity, volcanism, and earthquakes,
indicating that these solar and terrestrial systems are connected.605 This is
not a simple relationship, because the trends in volcanic and earthquake
activity depend upon which continental plate this activity is located in, and
on the location of events within compression or tension zones of those
plates.606,607
Scientists researching different types of volcanic explosions and large
magnitude earthquakes have identified 11- and 22-year periodicities
embedded in the volcanic, earthquake, and solar activity data. These shared
periodicities are indicative of the link between solar activity and earth’s
endogenous processes. 608 These are the same periodicities embedded in
earth’s length of day variations, atmospheric and ocean circulations,
geomagnetic activity, and the climate data (cited above).
Over the last 1,500 years the frequency of volcanic eruptions in Greenland
was greater around the 11-year solar minima, with eighty-year periodicities
also demonstrated.609 These cycles correspond with the 11-year solar cycle,
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and with the Gleissberg cycle.610 Similarly, in Japan 9 of 11 large magnitude
volcanic eruptions during the last three centuries occurred during solar
minima.611
Since the late 19th century, the frequency of volcanic activity and larva
volume has been positively correlated with earth’s geomagnetic activity,
which in turn is modulated by solar activity. 612 In many of the main
earthquake regions around the world, seismic activity is also known to
change with variations in geomagnetic activity, both annually and on a daily
basis. Thus the occurrence of earthquakes is concentrated around midday
and midnight.613
Maximum earthquake frequency is also known to occur during solar activity
maxima, with high correlations having been demonstrated. 614 , 615 , 616 , 617
Maximum seismic energy is released in earthquakes that occur a few years
after the sunspot maxima.618,619,620
Changes in earth’s rate of rotation are also associated with large
earthquakes. Significant correlations have been established by scientists
linking length of day with large magnitude earthquakes. 621 , 622 , 623 , 624
Deceleration alone,625 or both acceleration and deceleration are known to
result in an increase in earthquake frequency.626
Earthquake event density and energy release are broadly symmetrical
around the equator. 627 This symmetry of earthquake events around the
equator and the energy released supports a hypothesis that earth’s rotational
dynamics help modulate tectonic processes (i.e., earthquakes, volcanism).
This is because the equatorial regions are subject to greater radial
accelerative-decelerative forces than occur at the poles.628
The annual energy budgets associated with variations in earth’s
accelerations and decelerations are an order of magnitude greater than the
annualized energy released from earthquakes,629 thus providing the energy
required to disturb tectonic plate boundaries. Likewise, variations in
continental plate dimensions and distances between their abutting
boundaries can change by at least half a meter through bulging and
boundary compression and tension effects during earth’s acceleration and
deceleration.630
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Moreover, scientists have also linked earthquakes with variations in highspeed solar wind and the large-scale movement of air masses across
perturbed atmospheric pressure gradients and tectonic plates. The science
indicates that the annualized energy associated with these atmospheric
disturbances is at least three orders of magnitude greater than the annualized
energy released by earthquakes.631,632,633
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Chapter 7 The Catastrophic Risks Hidden by
the IPCC’s Articles 1 and 2
This chapter describes the catastrophic climate risks hidden by Articles 1
and 2. The climate-specific risks linked to this current grand solar minimum
include a long overdue switch back to a global cooling and drought phase,
and climate-forcing volcanism with its associated glacier ice expansion.
These risks, when they manifest, will place us face-to-face with the brunt of
the ice age we entered 8–10.5 millennia ago.
The world is without a risk mitigation plan for anything other than
anthropogenic global warming. Under the IPCC’s global warming scenarios,
the risks vary according to the degree of anthropogenic greenhouse gas
emissions. 634 , 635 The IPCC climate risk assessment ignored numerous
eminent climate experts who specialize in solar activity, and who have
warned of a return to Little Ice Age-like conditions during this grand solar
minimum.636,637,638,639,640,641,642
Surprisingly, and almost shockingly, the IPCC’s climate risk assessment
ignored or dismissed the climate risks associated with the current grand
solar minimum, and with climate-forcing volcanism.643 The prospect of a
rapid climate change event was also effectively dismissed.644,645 The IPCC’s
assessment reports provide no review of the climate-related catastrophes
that occurred during the Little Ice Age, 646 , 647 , 648 , 649 , 650 including the
catastrophic impact of climate-forcing volcanism.651,652,653,654,655
The risks the world needs to be planning for (Sections 3 and 4) include a
switch to a global cooling phase and its associated extremes of precipitation,
i.e., drought, rainfall, and snow (Chapters 3–5, 7). We now live in an era of
enhanced risk for large magnitude volcanic eruptions (Chapter 5–6),
increased earthquakes (Chapter 6), and pandemic flu (Chapter 14).
Centennial-scale Arctic ice accumulation and associated rapid climate
change cannot be dismissed either (Chapter 5).656,657,658,659,660

Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

87

Lest we forget, no matter what human activity-related perturbations exist in
the earth and climate systems, they are dwarfed by natural phenomena.
These natural phenomena proceed unabated, irrespective of Articles 1 and 2,
and by their own natural clocks that abide by the laws of the universe.

The IPCC Dismissed or Ignored Volcanism, Solar Activity,
Rapid Climate Change, and the Little Ice Age in Its Risk
Assessments
The purpose of this section is to help you understand that major climate
risks have been ignored, downplayed, or dismissed by the IPCC in the
climate assessment reports it has provided to governments since 1990. The
citations provided below show you exactly where to look in the IPCC’s
1,000–1,500 page documents, so you may see firsthand exactly what they
ignored, downplayed, or dismissed. Given the fact that governments have
almost unanimously endorsed the IPCC’s climate change science and risk
assessments, there are consequences to these omissions—omissions that
have left our global society blind to the full scope of climate and solar
activity-related risks.
The IPCC tell us that they have only assessed risks that represent severe
impacts relevant to Article 2 of the United Nations Framework Convention
on Climate Change.661 Article 2 concentrates the IPCC’s focus on dangerous
human interference with the climate system. That is to say, the IPCC ignores
or dismisses the climate risks attributable to nature. Article 2 has among its
objectives the stabilization of greenhouse gases, while ensuring global food
production and sustainable economic development.662
The IPCC predicts, with a high confidence, flooding due to sea level rise
and increased storm surges. We are told that flooding, drought, and rain
extremes will increase the risk of food insecurity, which will vary
geographically. Drought is expected to impact water availability, with
consequences on food production, water security, and on the survival of
populations living in drought areas.663
We are told that the displacement of people will increase, as will the risk of
violent conflicts.664 The IPCC informs us of the likely loss of, or damage to,
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coastal ecosystems due to sea level rise and ocean acidification, which will
lead to species extinctions and reduced biodiversity.665
The IPCC also tells us that the global risks will vary depending on the level
of greenhouse gas emissions reached. Higher emissions are expected to
exacerbate all risks identified, especially species extinctions, global food
security, and normal human activities. We are told that risks will be
substantially reduced under a low emission scenario,666 which is supposed to
help motivate us to reduce our greenhouse gas emissions.
The IPCC’s recent assessment reports (in 2014667,668,669,670 and 2012671) were
reviewed for their assessment of the risk of rapid or abrupt climate change.
The IPCC’s review of abrupt or rapid climate change was restricted to a
special kind of rapid climate change event, referred to as DansgaardOeschger events that occur in the depths of an ice age after the northern ice
caps have formed.672
The IPCC’s climate risk assessment did not detail the civilization-destroying
and population-culling rapid climate change events known to have occurred
after the Holocene Climate Optimum. These included the 8.2, 5.9, and 4.2
kiloyear rapid climate change events, the Little Ice Age, and the numerous
climate-forcing volcanic eruptions that took place during the Current Era, all
of which are highlighted below.
The IPCC’s dismissive assessment of Little Ice Age climate history and its
associated volcanism means we have not had our “upright attention” drawn
to the catastrophic impact of climate change-induced cold, drought, and
famine on the populations of China, Europe, Mesoamerica, etc. at that time.
During these climate-related crises and catastrophes up to half the
population in the affected areas died, and this happened on more than one
occasion during the Little Ice Age (see below).673,674,675,676
This failure to review rapid climate change risks occurred despite numerous
eminent solar scientists expert in climate change warning of a return to
Little Ice Age-like conditions during this grand solar minimum.
The IPCC cautioned the reader in concluding that social unrest, political
instability, and warfare during the Little Ice Age could occur today based on
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historical precedent. This caution was justified by the IPCC because the
precise causal pathways linking climate change to these societal changes in
historical societies are not well understood (see the citation note on
confirmation bias).677
Surprisingly, in the IPCC’s 2012 special report titled, “Managing the Risks
of Extreme Events and Disasters to Advance Climate Change Adaptation,”
we are informed the IPCC did not assess the existence of climate system
tipping points, and the risks of abrupt and irreversible changes to the climate
system.678 Two years later, in their fifth assessment report, they cited a low
confidence in the science that an abrupt or rapid climate change will occur
during the 21st century,679 effectively dismissing the possibility.
One very important point to understand is that while the IPCC recognizes
that volcanic activity can have a dramatic impact on the global climate (i.e.,
cooling), their climate forecasts do not include the occurrence of climateforcing volcanic eruptions.680 This is in spite of Rinjani and other climateforcing volcanism triggering and propagating glacier ice accumulation. (see
Chapters 5 and 7).
A key word search of the 2012–2014 IPCC assessment reports confirms that
no risk assessment of climate-forcing volcanic eruptions or super volcanism
was provided, or any review provided of their potentially devastating impact
on the climate system and on global food security (Chapter 5 and below).
The role of the sun (solar irradiance), sunspots, magnetized solar wind (i.e.,
solar flares, coronal mass ejections) and their connection with earth systems
(Chapter 6), was dismissed, downplayed, or ignored by the IPCC’s
assessment report (released in 2014).681 The term grand solar minimum (or
minima) is mentioned only three times in the 1990–1992 and 2012–2014
assessment reports; it is referred to twice without description or explanation,
and once in a citation.
The purpose, therefore, of the remainder of this chapter is to draw your
attention to the wealth of scientific literature relating to the solar activity,
climate, and volcanic related-risks, all of which have been ignored,
downplayed, or dismissed by the IPCC. Examine the cited science to see
what is being overlooked.
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The Little Ice Age and Rapid Climate Change Events
The strongest impact of cooling during the Little Ice Age occurred in the
North Atlantic and the northern latitudes of Europe, Asia, and North
America. There was either more drought or more rainfall at the lower
latitudes, depending on where you lived.
In parts of Europe the Little Ice Age caused more and bigger floods, which
coincided with cool periods and lows in solar activity.682 This contrasted
with Spain, where the Little Ice Age was associated with less rainfall, which
in turn was directly correlated with low solar activity.683 In the European
Alps colder climates, glacier expansion, and increased levels of snow,
rainfall, and flooding were experienced.684,685,686,687,688
Prolonged and severe droughts were experienced on the northern Great
Plains of what is now the USA, and were in phase with low solar activity.689
In the northeastern USA, on the other hand, solar minima were associated
with wet conditions.690
In China the Little Ice Age climate was greatly impacted by the various
monsoons moving over the region, which were associated with solar
activity.691,692,693,694 Depending on where you lived, either colder winters and
more rainfall, or drought, were experienced. These climate extremes were
concentrated in three main periods—the Spörer, Maunder, and Dalton
minima.695,696
Across India the Little Ice Age brought a cooler climate, reduced monsoon
intensity, and prolonged, severe droughts, with these being more intense
during the Spörer and Maunder grand solar minima.697,698,699,700 Africa also
experienced either more drought or more rainfall, depending on the
region.701,702,703,704
In South America glaciers expanded and there was increased precipitation,
evidenced by higher river levels.705,706,707,708 A cooler and more droughtprone climate was also experienced in the Caribbean709,710,711 and on the
Yucatan Peninsula.712
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It’s obvious from the published science that solar activity imprinted itself in
the paleoclimate record (i.e., historical climate data before 1880), especially
during grand solar minima. The climate impact varied by geographical
location and the climate system involved.
If the past is representative of the future, then we should expect something
similar during this grand solar minimum to what was experienced during the
Little Ice Age’s grand solar minima, rather than an all-encompassing global
warming. This assumes that nature will continue to do as it has done for
billions of years and “control and regulate” the climate system via the sun’s
activity (electromagnetism and magnetism), climate-forcing volcanism,
atmospheric and ocean circulations, and through the influence of
geomagnetic activity on cosmic rays and low cloud formation.
If you are one of those people who think human activity can cancel out
natural forces to the extent that we may avoid a Little Ice Age-like fate,
reflect on the following. One large climate-forcing volcanic eruption will
rapidly cancel any climate modifying anthropogenic influence, and remind
us that natural forces control the climate. Likewise, running out of oil and
gas within the coming decades will reduce our ability to modify the natural
climate system.

The Little Ice Age Caused Death and Revolutionary Upheavals
Researchers have explored the quantitative aspects of climate change,
famine, disease, social unrest, and wars during the Little Ice Age, and
particularly in Europe and China. Interestingly, some of the worst human
catastrophes of the Little Ice Age took place during grand solar minima.
The big lesson, globally, from the Little Ice Age is that cold phases and
drought adversely impacted agricultural production yields, leading to rising
food prices, malnutrition, and famines. These in turn, along with other
important contributing factors, led to epidemics, social unrest, revolutions,
and wars.713
In China, most of the peaks in warfare and dynastic transitions took place
during cold periods.714 Likewise, there was a much higher chance of an
epidemic occurring during cold periods.715 For emphasis, and lest we forget,
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China lost nearly half of its population through successive climate-related
famines, epidemics, and wars during the 13th and 14th centuries.716
Europe was no different. The Great Famine of 1315–1317 was the worst
prolonged famine in Europe’s history, leading to large-scale mortality (10
percent).717 Three decades later Europe was ravaged once again, losing onethird of its population due to the Black Death, social unrest, and economic
hardship.718,719
These high mortality events in China and Europe took place during the Wolf
minimum (1280-1350), and in the decades after the current era’s largest
volcanic explosion (at Rinjani, Indonesia in 1257, detailed below).
Fast-forwarding to the longest and coldest phase of the 17th century,
Europe’s population suffered from high mortality rates, while China lost
nearly half its population once again.720,721 In both cases humans died en
masse as a result of famines, disease, and wars. These catastrophes occurred
during the Maunder minimum, the deepest and longest solar activity trough
of the Little Ice Age.
In Europe a century of successive catastrophes helped precipitate the socalled General Crisis of the 17th Century.722 During this time, there was a
marked decline in harvest yields, and dramatic increases in food prices and
famine. Social unrest, population migration (to the New World), and war
fatalities dramatically increased.723
It wasn’t just the northern latitudes that were impacted. The 16th century
mega-drought in Central America (1540–1580) coincided with the Spanish
conquest and the religious conversion of the Mesoamerican population, and
two major epidemics that killed in total between 14 and 17 million
people.724 This horrendous human death toll occurred toward the end of the
Spörer minimum (1450–1550).
What staggers me is the sheer scale of human death during times of climate
crisis associated with grand solar minima. Agricultural food production was
the critical bottleneck. However, a review of the episodes of large-scale
human catastrophe (i.e., 10 to 50 percent mortality in China, Europe,
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Mesoamerica, etc.) during the Little Ice Age was not provided in the IPCC’s
assessment reports.
We need to be reminded that no matter how much technological progress
our modern society has made, crops and livestock are still vulnerable to
severe changes in the weather. As an example, between late 2006 and 2008
regional crop failures occurred among major food exporters due to drought,
and this snowballed into a global food crisis severely impacting many
nations.725,726,727,728,729 It demonstrated how fragile our modern agricultural
system and global food supply are (see Chapter 11).
One large magnitude volcanic explosion is predicted to wipe out one year’s
food supply for one-third of the world—how do you think the world would
cope with that?730 Not as well as it would if it were forewarned and given
time to prepare.

Rapid Climate Change Events Terminated Ancient Civilizations
Since the Holocene Climate Optimum the North Atlantic region’s climate
has experienced a series of rapid cooling events. These took place on multidecade to centennial time-scales, and each had sufficient global impact to
reshape the trajectories of ancient human civilizations.
Three of these rapid cooling events are most frequently cited in the
literature, including the 8.2 kiloyear (8,200 years), 731 , 732 , 733 , 734 the 5.9
kiloyear, 735 and
the
4.2
kiloyear
events
before
the
736,737,738739,740,741,742743,744,745,746,747,748,749,750
present
(multiple citations review
the varying geographical impact).
As a general feature, these rapid climate change events were characterized
by abrupt (i.e., intra-annual, annual to decadal) and sustained (i.e., over
centuries) Arctic and Antarctic coolings. Arctic temperatures declined
between 30C and 60C and there were significant ice sheet expansions. This
was associated with a more general global cooling. Aridification (droughts,
desertification) also intensified across Northern Africa, the Middle East,
parts of Asia, and the tropics.751,752,753
These rapid climate change events triggered major famines and decimated
ancient human civilizations. The 4,200-year event is well studied and was
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associated with the collapse of Egypt’s Old Kingdom,754,755 Mesopotamia’s
Akkadian Empire,756 and the Indus Valley (or Harappan) Culture.757
In figure 4.2 you can view Greenland’s ice core climate data at the time of
this widespread collapse of ancient civilizations 4,200 years ago. A deep
temperature trough preceded this event, and the temperature then rose from
trough-to-peak by 2.440C. This was the Holocene’s second biggest troughto-peak outlier in terms of temperature rise. This high temperature peak then
abruptly switched to a cooling phase, and civilizations collapsed. This 4.2kiloyear rapid climate change event was one of the examples of centennialscale climate oscillation contained within the Group 1 list of outliers
detailed in Figure 4.2. Of all the large-scale climate fluctuations since the
Holocene Climate Optimum (as revealed by the Greenland ice core data),
this 4.2-kiloyear centennial-scale climate oscillation is the one most similar
to the 1700-2016 trough-to-peak warming phase.

The Catastrophic Impact of Large Magnitude Volcanic
Eruptions
To give you some perspective beyond thinking that it will just get a little bit
colder after one of these large magnitude volcanic eruptions (VEI 6 or 7),
we must understand that the impact of such events can be far-reaching. At
the local level, these large magnitude eruptions can cause devastation,
famine, epidemics, and social unrest. At the regional and global levels, these
eruptive events can be catastrophic as a result of their effect on the climate
system, causing widespread famine on annual to multi-decadal time scales.
The Tambora eruption (VEI 7), which occurred in 1815 during the Dalton
minimum, caused disastrous crop failures across the Northern Hemisphere
the following year. The year 1816 was dubbed the “year without a summer”
(snow fell in June in New England). This led to widespread famine, social
unrest, and caused a major human death toll in Europe, Asia, and North
America.758,759,760,761
The Rinjani eruption (VEI 7) in Indonesia in 1257 took place within one
decade of a grand solar maximum immediately preceding the Wolf
minimum (1280 CE, see Figure 5.2.A). The Rinjani eruption is noteworthy
because it is considered the largest volcanic eruption of the current era,
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producing a sulphate signature more than twice that of Tambora. Some
scientists believe the Rinjani eruption triggered the Little Ice Age.762 This
eruption was associated with climate disruptions in Europe and Eurasia in
the ensuing years, causing cold winters and summers, and severe flooding.
This led in turn to grain shortages, food price inflation, and famines
associated with high mortality over the ensuing years and
decades.763,764,765,766
The pyroclastic flows (i.e., fast moving streams of hot gas and volcanic
matter) from VEI 7 eruptions can travel up to 100 km in any or all directions
from the volcano, with few living things surviving these fast moving,
superhot flows.767 Those areas close to the explosion can be covered in
pumice and ash tens to hundreds of centimeters thick.768
Pyroclastic flows and lahars (i.e., mudflows) are the biggest cause of local
deaths and injuries at the time of the eruption. More than 90 percent of
fatalities occur within a 30-kilometer radius of an eruption. Famine and
epidemics have historically been the biggest single categories of localized
human fatality in the aftermath of an eruption.769,770,771
The global relevance of such large magnitude eruptions (VEI 7) is their
disastrous impact on the world’s climate, which in turn impacts agriculture
through cold, drought, and flooding. In fact, scientists have modeled the
devastating impact of crop loss from some of the world’s worst volcanic
eruptions over the last millennia, in order to simulate what would happen if
such an eruption were to occur today.
The hard-hitting headline is if a Laki-like volcanic eruption (Iceland, 1783)
happened today, the global crop production losses would be approximately
one year’s worth of food for one-third of the world’s population. Smallerscale eruptions would also cause a major global food crisis.772
Are we ready for such an event? How do we prepare? These are among the
topics discussed in Chapters 11 and 12.
We should not forget that colossal and globally devastating super-volcanic
eruptions (VEI 8) do occur, albeit infrequently. The last VEI 8 eruptions
occurred 26,500 years ago (Taupo, New Zealand), 773 72,000 years ago
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(Toba, Indonesia),774 and 84,000 years ago (Atitlan, Guatemala),775 making
an eruption of this magnitude a very rare event.
To provide some perspective, the almost unimaginable Toba eruption
created a caldera that measured 100 by 30 kilometers, with a depth of half a
kilometer, and released 2,800 cubic kilometers of ash and pyroclastic
material.776 At least 800 cubic kilometers of volcanic material was violently
exploded out across the Indian Ocean and Southeast Asia, covering millions
of square kilometers of the planet’s surface in volcanic debris.777 In fact,
Toba is believed to have covered the entire Indian subcontinent in 15cm of
ash. For context, one centimeter of ash would be sufficient to disrupt
regional agriculture and cause widespread famine.778
Importantly, Toba occurred during the last ice age and coincided with a
transition period associated with rapid ice growth and a falling sea level.779
This helped to shift the world back into ice age conditions which lasted for
1,000 years.

Grand Solar Minima Portend Large Magnitude Volcanic
Eruptions
What are the chances of a climate-disruptive, large magnitude volcanic
eruption (VEI 7), or cluster of VEI 6 events, occurring during this grand
solar minimum or in the decades ahead?
Based on evidence from the last four grand solar minima, and if this current
grand solar minimum replicates the past, then we can expect two VEI 6
eruptions, a cluster of VEI 4 or 5 eruptions, and a one in four chance that a
big VEI 7 eruption will occur (see Figure 5.2).780
According to data extracted from the Volcano Global Risk Identification
and Analysis Project database (VOGRIPA) hosted by the British Geological
Survey, there were 67 VEI 6 and seven VEI 7 large magnitude explosive
volcanic eruptions during the last 11,400 years. 781 This equates to, on
average, one VEI 7 eruption every 1,600 years, and one VEI 6 eruption
every 190 years. Tambora in 1815 CE was the last VEI 7 eruption, while
Pinatubo in 1991 was the last VEI 6 eruption.
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However, the large-magnitude eruptions (VEI 4-7) in the VOGRIPA
database were skewed in their distribution to the current era,782 and more so
since Rinjani erupted in 1257. This skewing makes it hard to know whether
we are in an accelerative phase of volcanism compared with the last 11,000
years, or if recent eruptions are simply more likely to have been recorded.
What is a fact, however, is that three of the seven Holocene VEI 7 eruptions,
and just under one-quarter of the VEI 6 eruptions from the last 11,400 years
have taken place since 942 CE. Theoretically, this provides forecasters of
volcanism an absolute number of VEI 4–7 eruptions from which to
determine the recent rate of eruptions (i.e., for the last 1,000 years). The
rates over the last millennia are more relevant to today and likely reflect a
truer frequency of volcanism (for forecasting) than using longer-range
frequency data. In other words, the frequency of climate-forcing volcanism
during the Little Ice Age is highly relevant for forecasting climate-forcing
volcanic activity during the 21st century. When you reflect on the fact that
the majority of the Holocene’s and Little Ice Age’s large-magnitude
eruptions occurred at grand solar minima and maxima (see Figure 5.2.A),
then forecasters are given a means of improving their climate-forcing
volcanic eruption predictions (linked to predictable solar activity cycles).
The above data and that detailed in Figures 5.1, 5.2, and 5.3 can only cause
us to conclude that this grand solar minimum represents a high-risk period
that should not be ignored.
We must also keep in mind the backdrop to this enhanced risk of a VEI 6 or
7 eruption. First, all trough-to-peak phases of centennial-scale climate
oscillations change phase to a peak-to-trough cooling phase—always. We
are in an ice age, at the top of the biggest temperature peak since the
Holocene Climate Optimum, two centuries overdue for a relatively abrupt
fall in the Northern Hemisphere’s temperature (viz., Group 1 outliers
highlighted in Chapter 4). The current global and the Antarctic ice core
temperatures are also between 1.3 and 3.00C higher than the average of all
glacial cycles over the past 2 million years (global) and 800,000 years
(Antarctic). If earth systems tend to revert to the mean, then we could be in
for a shockingly cold surprise.
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Second, if this 500-year low solar activity-linked trend of stratospheric
belching eruptions continues, combined with a VEI 6 or 7 eruption triggered
by a grand solar minimum, then earth could find itself facing an accelerated
ice age re-entry.
In my view, simple probability makes the need to prepare for large
magnitude volcanic eruptions and a planetary cooling highly pertinent right
now.
Scientists believe that if a VEI 7 eruption were to occur today, such an event
would likely come from volcanoes located in tectonic plate subduction
zone.783 The majority of the world’s volcanic eruption risk is concentrated
in just six countries (Indonesia, Philippines, Japan, Mexico, Ethiopia and
Guatemala).784
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Section 3

Key Themes

Managing the Risks

The Need For
Decentralized Sustainable Development

And

A Rapid Switch of the World’s Energy System
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Chapter 8 Climate Change Risk Mitigation
with Decentralized Sustainable Development
Do the concept of human-induced climate change and the need to keep the
global temperature below a 20C rise over pre-industrial levels motivate you
to mitigate your climate impact, or to live sustainably?
Do you feel a sense of urgency to act on your answer to the above question?
This section and this chapter are about defining solutions to a different
climate future and set of risks than those envisaged by the IPCC (Chapter
7).
We face three major problems in dealing with climate-related risks. The
primary problem facing us is that a switch of the climate will happen in the
coming decade(s), and we face the prospect of a host of climate related risks
en-route (Chapter 3–7). Second, exacerbating our vulnerability to this
primary climate problem is the fact that population and economic growth
are accelerating the depletion of our finite energy and water resources.
Third, a minority of nations controls access to the world’s energy resources.
Human activity has already depleted two-thirds of the world`s largest
aquifers beyond sustainable limits, and increased the periods of time when
there is insufficient water to meet human needs available in water basins and
major transboundary river systems. 785 , 786 This water basin depletion
eliminates our ability to buffer extreme and prolonged drought, and this will
impact our food supply during a severe drought.
World population and economic growth is accelerating the depletion of
world energy reserves, such that we only have 50 years of proven oil and
gas reserves left.787,788,789 Compounding this is the fact that 50 percent of the
world’s oil reserves and 70 percent of the gas reserves are in fact unproven
guesstimates. This includes shale resources.790,791 The prospect for new oil
and gas discoveries is not as good as the promises made by the oil and gas
industry and by governments. 792,793,794795,796 Exacerbating the situation of
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dwindling energy reserves is that the ownership of these energy resources is
concentrated in a minority of nations.797
The above represents a catastrophe waiting to happen, and for which we
don’t have a plan that anticipates a climate switch or the climate-related
risks.
Rapidly switching the world’s energy system to renewable energy and
implementing decentralized sustainable development are pivotal strategies
for mitigating 21st century climate and resource supply risks—and
addressing the three interrelated problems outlined above.
Such a dual strategy will permit a greater degree of self-sufficiency at home
and in urban areas, with the aim of reducing our vulnerability during a
climate switch and to climate-related risks. A focus on decentralization
means that individuals, communities, and cities embrace partial selfsufficiency for securing energy, water, and food. The need for
decentralization anticipates that government, corporate, and commodity
market actions will restrict resource supply in a crisis event, and so aims to
reduce our vulnerability to this risk.

A Minority of Nations Control the World’s Oil and Gas
Reserves
Ownership of the world’s fossil fuel resources is concentrated among a few
nations, and state-owned oil and gas companies control most of these
resources.798 The ownership of these energy reserves is detailed in Figure
8.1.A. Thirty-three nations control more than 83 percent of the world’s
energy reserves. The world’s two most populous nations (China and India)
hold a further 13.6 percent of global energy reserves, mostly as highly
pollutive coal. This means the majority of nations (160+) hold less than 4
percent of fossil fuel reserves.
The world is dependent upon OPEC nations, Canada, Venezuela, Australia,
and a small group of exporting nations from among the other major holders
of reserves for much of its oil, gas, and coal needs. For example, just 20
nations supply 90-plus percent of the world’s oil and gas exports, while just
five nations supply more than half of those exports.799 Collectively this
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means that a minority of nations holds the majority of energy reserves, and
an even smaller minority exports the lion’s share of the world’s fossil fuel
supplies. This dependence on a minority of exporters will create
vulnerabilities for fuel importers when a crisis arises.

Figure 8.1. A) Twelve nations hold three-quarters of the world’s fossil fuel energy
reserves. Another group of 23 nations holds a further one-fifth of the world’s energy
resources. This means the majority of nations (160+) hold only 4 percent of fossil fuel
reserves. B) The reporting of fossil fuel reserves without backdating volume revisions to
the original wildcat discovery creates a straight-line in cumulative reserve growth,
similar to that depicted in this figure.800 This lack of backdating revisions means we miss
the plateau that is occurring in the reserve growth rate.801,802

Global Fossil Fuel Reserve Revisions Mean 50–70 Percent Are
Unproven Guesstimates
The immutable laws of physics limit the maximum level of technical
recoverability from a reservoir or field, to less than 50 percent for oil and 80
percent for gas. 803 , 804 Once peak production has been reached, or
approximately half a reservoir’s technically recoverable oil resources have
been extracted, then production declines in a well understood manner.805,806
Oil recovery happens in phases, and costs increase as technology is
deployed. Primary oil recovery extracts the initial 10–30 percent, with
secondary recovery methods permitting extraction levels of up to 30–50
percent. Most wells have already used secondary recovery methods for
extraction (i.e., gas and water injection), but fewer have employed tertiary
or enhanced oil recovery methods, due to complexity and cost.807,808

Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

103

Technically recoverable resources represent the volumes of oil and gas that
can be extracted with current technology and know-how. Proven reserves
are a smaller subset of technically recoverable reserves with a greater than
90 percent certainty of being extracted. Unproven reserves are technically
recoverable but are assigned either a 50 percent (probable) or 10 percent
(possible) prospect of recovery, to reflect risk and uncertainty.809
From the time production begins, reserve growth typically increases
between 1.3- and 4.6-fold over the first 25 years. 810 These recoverable
volume increases come from new well additions within a reservoir,
increases in the field area, and new reservoir discoveries within the field, as
well as the use of enhanced recovery techniques. Revisions to reserve
estimates are a frequent occurrence.811,812,813,814,815
With knowledge of the above, it becomes clear that all reserve estimates are
subject to uncertainty. Governments, which own the majority of reserves,
can have a significant influence on market perceptions about global
reserves, while not being subject, as oil and gas companies are, to stock
exchange reporting rules.816
One such example of government influence on the market perception of
reserve abundance occurred in 2013, when the US Energy Information
Agency team increased its technically recoverable global reserve forecasts
significantly by 11 percent and 47 percent for oil and gas resources,
respectively, only two years after their 2011 forecast of reserves. These
significant upward revisions reflected changes to the Energy Information
Agency predictions of world unconventional energy resources i.e., shale oil
and gas.
These revisions mean that one-third of the Energy Information Agency’s
world gas and one-tenth of its world oil resource projections are for shale
resources. These revisions also mean that between 50 percent and 70
percent of total conventional and unconventional oil and gas projections are
classified as unproven (i.e., guesstimates).817 With such a high percentage
being unproven, caution is required concerning the Energy Information
Agency’s optimism.
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It is also important to understand the forecasting methodologies and
assumptions that are used. The 2013 revisions concerning oil and gas
reserves were based on predictions involving the application of historic US
shale oil and gas recovery rates to foreign petroliferous basins with similar
geophysical characteristics. These revisions assumed the same operating
context internationally as in the USA. 818 However, using that same
operating context elsewhere is a questionable assumption, because the US is
not the same as the rest of the world. Environmentally controversial
fracking methods will be used for the extraction of these unconventional
reserves, which adds another level of risk and calls into question the Energy
Information Agency’s optimism.
The US Environmental Protection Agency (EPA) is unable to assure the
public that fracking is not harmful to underground drinking water. The EPA
found scientific evidence that hydraulic fracturing activities can affect
drinking water resources under some circumstances, while at the same time
informing us of their safety study’s significant shortcomings. The EPA tells
us on their website, “Data gaps and uncertainties limited EPA’s ability to
fully assess the potential impacts on drinking water resources locally and
nationally. Because of these data gaps and uncertainties, it was not possible
to fully characterize the severity of impacts, nor was it possible to calculate
or estimate the national frequency of impacts on drinking water resources
from activities in the hydraulic fracturing water cycle.”819,820 In addition,
enhanced earthquake risk from fracking is well known to
science.821,822,823,824,825,826,827,828,829
The above helps us better understand why a number of European countries
have officially banned, effectively banned, or will ban fracking, and why
major lobbying groups are working to ban fracking in the USA and in other
countries.830,831
In 2015, the U.S. Geological Survey attempted to manage market and public
perceptions of the status of global energy reserves by significantly revising
upwards its global estimates for conventional oil and gas reserves. These
revisions were based on new prediction methodologies, assumptions about
new technology deployment, and a supposedly greater understanding of
reservoirs using desk-based research methods.832 In other words, these were
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subjective assessments leading to significant upgrades of estimated reserves,
which however lacked any physical validation of the reserves.
Experts remind us that over the long term, government forecasts have a
tendency to overestimate reserves, and that reserves may not be adjusted
downward despite years of production.833

Oil and Gas Discoveries Peaked in the Past
Conventional oil discoveries peaked in the 1960s, with new yearly additions
on average below annual production since the early 1980s (Figure 8.2.A).834
Peak natural gas discovery took place between 1960 and 1980,835 and we
will now spend the decades ahead building pipelines and piping those gas
reserves to markets.
In the USA, the lower 48 states peaked in oil and gas discovery in the
1930s, with production peaking in the early 1970s. The North Sea reduced
the time lag between peak discovery and peak production from 40 years
(i.e., as in the USA) to 27 years, meaning industry has become more
efficient at depleting reserves (i.e., over a shorter timeframe).836
The largest fields and reservoirs within a given area are typically discovered
early on,837,838 and tend to provide most of the reserve growth.839,840 No
super-giant reservoirs containing more than 5 billion barrels of oil have been
discovered in decades.841,842
It is also recognized by experts that the easiest measures to increase oil
recovery from existing fields and reservoirs have already been taken,
meaning that more costly, enhanced oil recovery methods will be needed to
increase extractions in the future.843 This enhanced extraction will require a
higher oil price.
Such is the state of oil and gas discovery that only one in four oil and one in
three increases in gas reserves are actually coming from new
discoveries.844,845 Companies today are simply not discovering as much in
new reserves as they are producing in energy,846 which means that they are
depleting their reserves (see Figure 8.2.A). This is reflected in the world oil
reserves-to-replacement ratio being less than 100 percent for 28 of the last
37 years.
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Figure 8.2. A) If cumulative reserve growth was as strong as Figure 8.1.B indicates, then
why has the world Reserves-to-Replacement ratio, as depicted here, stood at less than
100 percent in 28 of the last 37 years? In at least three of nine years (2011-2013)847 with
a reserves-to-replacement ratio greater than 100 percent, upward revisions involved
unproven reserve volumes, not new discoveries, and were not backdated to the original
wildcat discoveries. 848 Conclusion: The world is consuming more oil than is being
discovered each year. B) New oil discoveries (green) versus world annual oil production
(brown) shows peak oil discovery occurred in the 1960s.849 Conclusion: The peak in oil
discovery is behind us.

A giant field today holds more than 500 million barrels of oil, which is the
equivalent of five days of global production.850 In recent years, the size of
discoveries has been significantly smaller than 500 million barrels.851 The
downturn in market price for oil in recent years highlights the sensitivity of
exploration to oil price, as new oil discoveries have not been at such low
levels since the 1940s.852,853,854
New discoveries are increasingly being made at greater depths on land, in
deeper sea water subject to larger storms (e.g. Hurricane Katrina), and at
greater distances from markets. 855 , 856 , 857 These more difficult operating
environments and the higher costs involved will need oil and gas prices to
recover substantially to make exploration and extraction economically
viable.858
Unconventional oil and gas resources are touted as the saviors of the oil and
gas industry, and are already supplying a significant share of today’s
production, 859 along with offshore supplies. 860 These unconventional
reserves are largely concentrated in North America, Russia, the OPEC
nations, China, and South America.861 Market commentators have cautioned
against being overly optimistic about shale prospects, because of the early
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falloff in production rates at US shale wells. This has necessitated
concentrating oil recovery efforts in “sweet spots” until oil prices recover.862
When I reflect on all of the above concerning oil and gas reserves, the
obvious questions are, first, has peak-oil discovery and production come
and gone?863 Is the inclusion of unproven reserves in calculations of world
oil supply hiding the fact that peak oil is in fact behind us? And are market
commentators’ attempts to move the discussion from peak oil and peak
discovery to peak demand and the adequacy of supply similarly designed to
mask the fact that we are running out of proven reserves?864 The answer is
yes on all counts.

When Will We Run Out of Fossil Fuels?
By dividing the 2013 Energy Information Agency’s proven global oil,
natural gas, and coal reserves by 2013 levels of production, without
assuming any growth or a switch to a colder climate (thus accelerating
energy demand), we’ve got 50 years of proven oil and gas reserves, and 130
years of coal reserves left.865,866,867,868,869
By including the more speculative unproven reserves,870 not included in the
Energy Information Agency’s reserve data,871 while assuming a 50 percent
certainty of recovery for those unproven reserves, then the reserve timelines
can be extended from 50 to 75 years for oil and from 50 years to 117 years
for natural gas. These extended reserve timelines do not factor in any
population or economic growth, rendering these estimates “optimistic” to
say the least.
The Nuclear Energy Agency and the International Atomic Energy Agency
indicate that nuclear fuel reserve timelines are similar to that of coal,
meaning that coal and nuclear fuels will run out at about the same time in
the 22nd century.872
With peak oil arguably behind us,873 with existing “reserves” comprised, to
a great extent, of unproven resources, and with discoveries of new reserves
declining, we need to be very cautious in thinking that there’s plenty of oil
and gas still out there to be discovered. Clearly, supplier nations will simply
not run out of energy resources overnight, but its prospect, when realized,
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will become a major economic force (i.e., oil price increases) for change in
the future supply of energy.874
Investing in expensive oil exploration in difficult terrain (i.e., offshore, in
the Arctic, deep in the earth), with exploration infrastructure facing more
extreme weather (e.g., hurricanes), by an industry that is arguably trying to
mask its decline phase, creates a less attractive context for long-term
investment. Such a difficult context for oil and gas investment makes
renewable energy investments more attractive, and undermines the promise
inherent in the inflated, unproven estimates of oil and gas reserves.

Population and Economic Growth Accelerate Energy Reserve
Depletion
Now we must consider the prospects for population growth, because growth
accelerates demand and more rapidly depletes non-renewable resources.
Between 1950 and 2017 the world’s population grew by 5 billion people,
and every year the population continues to grow by 85 million people.875,876
This population growth is unrelenting, with 20-year and 3-year compound
annual growth rates (i.e., year after year) broadly the same at 1.2 percent
and 1.1 percent, respectively. Since 1980 most of this growth has occurred
in Asia and Africa.877
Economic growth and development has helped improve access to energy,
food, and clean water, and thereby has played a major role in sustaining
world population growth.878,879 Population and economic growth have come
at a price: the depletion of finite global resources and increased
environmental destruction with little regard for the needs of future
generations.
Population growth has tracked the growth in fossil fuel production since the
early 1990s (see Figure 8.3), and humans have been steadily increasing their
energy consumption per capita during this period, especially for gas, thus
accelerating the depletion of energy reserves.
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Figure 8.3. A) World population growth has tracked energy production growth. The 3, 5,
10, and 20-year compound annual growth rates for oil and gas production have outpaced
population growth rates, implying a growth in per capita consumption of energy
resources. B) Humans are using more energy and especially more natural gas per capita,
and this is a multi-decade trend. Conclusion: Economic growth leads to increased per
capita consumption of fossil fuels, which more rapidly depletes the world’s nonrenewable energy reserves.880

Decentralized Sustainable Development and Switching
Energy Systems Are the Solutions
Absent a global catastrophe like pandemic influenza, wars over resources, or
a climate switch to a cold-drought phase, a rapid climate change event, or
climate-forcing volcanism, the world’s population is expected to exceed 9
billion by mid-century. Much of this population growth is expected to occur
in Asia and Africa, where nearly 70 percent of population growth is
occurring today.881,882,883,884 Under the climate and risk scenarios put forward
in this book, however, these population growth estimates are unrealistic.
Thomas Malthus in 1798 anticipated the population growth crisis of his time
in his book, An Essay on the Principle of Population.885 In light of this
essay, the term Malthusian crisis was coined to describe the situation in
which a population in a given area exceeds its food supply, resulting in
famine. Famine would reduce the population until it was once again in
balance with the food supply. The technology of the First Industrial
Revolution—innovations such as the steam engine, the seed drill, marine
chronometer, the spinning jenny, etc.,886 as well as migration to the New
World, for the most part saved 19th century Europe from famine.
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Given the climate-related risks detailed in Chapters 3–7 (different from
those the IPCC has warned about), unrelenting population growth, and our
depletion of resources (i.e., fossil and nuclear fuels, groundwater), we will
face a major resource supply problem in the years ahead, unless we act now.
In a much colder, drought- prone world, and without having switched
enough of the world’s energy system to renewable energy, today’s youth
could face the real prospect of a Malthusian-like crisis.
To ameliorate the impact of this problem, the world’s top two priorities are
to rapidly switch the world’s primary energy source to renewable energy
and transition to living sustainably in a decentralized manner (see below).
But first things first. What is sustainable development?
One of the more widely recognized definitions of sustainable development
is contained in the Brundtland Report (1987). This report came out of the
World Commission on Environment and Development in 1983. 887 The
Brundtland Report defined sustainable development as "development that
meets the needs of the present without compromising the ability of future
generations to meet their own needs.”888
This report focused attention on the need to promote economic and social
development in ways that avoid damaging our environment, such as through
over-exploitation of natural resources and pollution. It critically focuses our
attention on managing population growth and ensuring all human rights,
especially for women and their basic human right for self-determination and
equality.889
From a resource perspective, living sustainably means we must strive to use
all energy, water, and food, and other resources sparingly, efficiently, and
equitably. We must also maximize residual resource and energy recovery,
before generating a minimal amount of waste and pollution. Living
sustainably must permeate everything that we do at home, at work, and
when we travel. With an impending return to a cold climate, living
sustainably will need to become embedded in daily human activity and
popular culture, and become a new societal norm, both nationally and
internationally.
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

111

In order to address the climate switch and its potential risks, as well as the
issues of growth and the accelerating depletion of resources, we must
develop strategies for rapidly switching the world’s energy system to
renewable energy, and implementing decentralized sustainable
development. This is how we will prevent a 21st century Malthusian crisis.
Such a dual strategy will permit a greater degree of self-sufficiency for
securing energy, water, and food at home and in urban areas, with the aim of
reducing our vulnerability to climate switching and other climate-associated
risks. Decentralization anticipates that government, corporate, and
commodity market actions will restrict resource supply in a crisis event.

Financing the Energy System Switch and Decentralized
Sustainable Development
Various researchers have estimated the cost of adapting to and mitigating
global climate change to be in the ballpark of 1 percent of world GDP (i.e.,
gross domestic product), or more than $1 trillion per annum.890,891,892,893
One percent of world GDP well exceeds the $100 billion per annum that the
signatories of the 2015 Paris agreement plan to spend (starting in 2020) in
order to help developing nations adapt to climate change.894,895 The $100
billion provided by developed nations (but not including the USA) would be
additional to funding their own national plans to prepare for climate change.
As things stand, people and businesses in nations belonging to the
Organization for Economic Co-operation and Development (OECD) spend
the equivalent of nearly 9 percent of gross domestic product (GDP) on
insurance premiums per annum, across all insurance categories.896 Globally,
the cost of insurance is about 6 percent of GDP.897
The insurance costs cited above provide a crude proxy for the cost of
insuring our global way of life and mitigating risks. This way of life will be
severely disrupted in a climate switch, or in a sustained climate crisis (i.e.,
climate-forcing volcanism, rapid climate change), or in the event of a
pandemic flu outbreak.
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The cost of doing nothing will be far greater than the cost of mitigating
climate change and preparing the world for sustainable living. The spending
required to prepare for climate change can be viewed as a form of insurance
against the potential damage that unmitigated climate change would inflict
on the global economy. This cost can also be viewed as an investment in
today’s youth, who will inherit a resource-depleted planet.

Big Bags of Cash Exist in a Carbon Tax, Fuel Subsidies, and
Pension Funds
Someone has to pay for climate change preparation. Governments are
fiscally constrained and encumbered with the debt created by the 2008
financial crisis and its followup, the Great Recession. Where is that $1
trillion per annum going to come from?
I will now discuss some of our big money, new cash-yielding options.
Carbon markets have emerged at the regional, national, and municipal
levels.898,899 While a carbon tax may not be every nation’s cup of tea (as
with the USA at the present time),900,901 other regions like Europe,902 as well
as nations and sub-national governments, have made significant progress in
implementing a carbon tax or have it in the planning stage.903
Carbon taxation is an important financing option for state and provincial
governments and cities, and levies a charge per ton of carbon emitted
through the combustion of fossil fuels. This taxation uses emissions trading
schemes and direct taxation (collectively, a “carbon tax”) to capture
revenue.904,905
This form of “user pays” taxation is known to incentivize changes in
consumption, promote investment in low-carbon technologies, and help
direct innovation. If priced right and complemented by well-designed
policies, carbon taxation can help expedite the switch to renewable energy
and improve energy efficiency.906
Already carbon taxation is generating sizable revenues for fiscally
constrained governments; it was estimated to be about US$50 billion (five
percent of global GDP) per year in 2016. The carbon tax revenues generated
so far were only levied over about one-sixth of global emissions in 2015,
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with the majority of this levy priced at low levels that do not incentivize
energy efficiency efforts or switching to renewables. With China
implementing its own emissions trading scheme, this will significantly
expand the global emissions covered by a tax.907
According to one review, a carbon tax priced at $25 per ton would yield
about $750 billion in revenues.908 Therefore a carbon tax would need to be
priced at $30+ per ton of carbon to provide the estimated 1 percent GDP
equivalent in funding per annum. Theoretically, a carbon tax could also be
implemented on an industry- and sector-specific basis to incentivize a
switch to renewables and drive energy efficiencies in those industries and
sectors. A carbon tax could also be levied on fossil fuel suppliers.
Subsidies for fossil fuel consumption are another big pot of taxpayer cash
that could be reduced or redirected to finance the cost of climate change
adaptation and to help the poor access affordable renewable energy systems.
These fuel subsidies have been estimated to total $500 billion
annually, 909, 910, 911 although this varies from year to year depending on
international oil prices.
Reducing fossil fuel subsidies would reflect the real cost of energy
generation and make all energy suppliers compete for grid supply contracts
on an economic and equal basis. By resetting at a higher level the fossil fuel
prices to which incentives are applied, governments can also provide a
stronger market signal promoting an energy system switch. A reduction in
subsidies, coupled with renewable energy feed-in-tariffs (i.e., higher
contract prices paid to renewable energy grid suppliers), could be used in
tandem to facilitate a more rapid switch to renewable energy.
Admittedly, some governments will be unable to reduce subsidies, in order
to ensure that their citizens and industries have access to affordable energy.
Unpopular government decisions have political consequences (i.e., protests,
riots, loss of elections, revolutions), and can increase poverty levels and
undermine economic development. The key point is that reducing subsidies
is part of a package of measures to help governments rapidly induce a
switch to renewable energy.
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There are also tens of trillions of dollars of public and private pension funds
in the world financial system which could be put to work on society’s
behalf. There are two ways pension funds could be harnessed to help fund
preparations for climate change.
First, changing the quantitative restrictions (i.e., the upper and lower limits)
on asset classes that pension funds can hold 912 is a means by which
investments can be directed toward renewable energy and sustainable
development projects (see Chapter 13’s “Bucket List”). For example,
pension fund investments in renewable energy infrastructure projects can be
facilitated by increasing or decreasing the share of equities and the types of
equities (i.e., listed, non-listed, growth, international) in a fund, or the
percentage of bonds and types of bonds (i.e., government, municipal,
corporate, green), relative to the other asset classes held by a fund. More
specifically, pension fund investments can be facilitated through the
issuance of municipal and public infrastructure bonds (i.e., Qualified Public
Infrastructure Bonds as used in the USA) coupled with government-backed
insurance protection to help de-risk investments for pension funds.
Infrastructure bonds can be used to facilitate public-private partnerships
(PPP) in renewable energy and sustainable development infrastructure
projects. Such PPPs would improve the scope for pension funds to invest in
lower-risk projects, while helping fiscally constrained governments (central
and municipal) get big infrastructure projects completed.
Second, what good is a pension fund to retiree or near retiree if they freeze
or starve to death in a global climate switch, or during a food or energy
crisis? Permitting homeowners to draw down a percentage of their pensions
to retrofit their homes for sustainable living and to prepare for climate
change would help community development, without governments needing
to provide tax-credits (and thus lose tax revenues). This of course assumes
the world awakens to the prospect of a climate switch, unanticipated natural
climate-related risks, and the diminished prospects for new, large-scale oil
and gas discoveries, and then decides to act with a sense of urgency.
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Chapter 9 Rapidly Switching the World’s
Energy System to Renewable Energy
Over the last decade, a number of important factors have converged as
powerful market forces to catalyze renewable energy’s arrival in the
mainstream. The renewable energy industry’s technological progress,
combined with the improving economics of system supply, enabled its
readiness for switching the world’s energy system. A greater level of
climate change awareness, support by governments, the United Nations and
its affiliates (IPCC, IRENA etc.), and big business, as well as finance for the
renewable energy industry have all helped to catalyze major progress.
The renewable energy industry and its progress in technology development
have required decades of nurturing by industry, governments, the United
Nations and IRENA, and stakeholders (i.e., utilities, regional transmission
organizations, environmental and consumer organizations, etc.). This
technological development has resulted in higher energy output, improved
efficiency of energy conversion, and lower production costs. This progress
has helped bring these technologies to the point of mass-market production
and affordability, just when we need them the most.
We have all the renewable energy technologies and energy systems
available right now for switching to renewable energy sources across all
sectors and market segments. These renewable energy technologies offer
society a means for achieving the decentralized supply of energy to our
homes, communities, and cities.
If a switch of the world’s energy system from fossil fuels to renewable
energy (“energy system switch”) is to happen, then renewable energy must
rapidly replace the three-quarters of the total electricity supply generated
today by non-renewables. The big challenge, though, is that renewable
energy must also erode a large part of the 63 percent share of fossil fuel
energy supplied to industry, transportation, and other sectors for nonelectricity uses. This is a mountainous task, given that the nonCopyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
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hydroelectricity share of renewable energy is only about 8% of total
electricity generation (see Figure 9.4), and even less of the world’s total
energy generation (see Figure 9.2.A).913
Pivotal to ensuring the world’s energy system switch moves ahead rapidly is
the need to motivate society and business with the right messages and
economic incentives. The market message must be aligned with the strategic
goals of governments, such as moving toward sustainable development and
switching from fossil fuels to renewable energy.
The market message must also communicate a sense of urgency. A climate
switch, climate risks, and running out of oil and gas could together provide
that sense of urgency. This energy switch would be greatly assisted by a
higher oil and gas price that reflects the message of resource scarcity, and
the need to save some fossil fuel resources for today’s youth in tomorrow’s
world.
To more fully comprehend what switching to renewable energy means, this
chapter will review the main uses of energy by the industrial and
transportation sectors, and the technologies available to switch those sectors
from fossil fuels to renewables. This chapter also provides a review of best
practices used and promoted by central and municipal governments for
catalyzing this energy system switch.

Who Are The Big Consumers of Energy?
A small number of nations consume the majority of the world’s energy
resources. Four nations—China, the USA, Russia, and India account for half
of the world’s energy use. If China, the USA, India, and other large
industrial nations accelerated their nascent energy system switches, this
would have a major impact on extending the lifetimes of world energy
reserves.
At the other end of the energy consumption spectrum, some 160+ nations
consume 12.6 percent of fossil fuels consumed, while only holding about 4
percent of the world’s fossil fuels reserves. These 160+ nations’ are
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obviously dependent on energy imports, which make them vulnerable to a
future tightening of energy supplies.
In 2015, electricity delivered to the end-user accounted for 13.5 percent of
world energy consumption. Staggeringly, of the 575 quadrillion BTU of
energy consumed each year, 72 quadrillion British thermal units (BTU)
were delivered as electricity, while 146 quadrillion BTUs (of that 575
quadrillion BTUs) were lost in the production of that electricity at the time
of its generation.914 Put another way, one-quarter of all energy consumed is
wasted in the process of generating electricity, due to inefficiencies of
converting energy to electricity.
Therefore, of all the initiatives we can undertake, rapidly switching
electricity generation systems to renewable energy will have the biggest
impact on extending the lifetimes of our fossil fuel reserves. At the same
time, making improvements in the efficiency of energy conversion into
electricity, and the use of heat co-generation technologies in producing that
electricity, would also save major amounts of energy.

Figure 9.1. A and B) Twelve nations are responsible for about 70 percent of the energy
consumed, with China and the USA alone accounting for 40 percent. Twenty other
nations consume a further 17 percent, leaving the rest (160+ nations) to consume 12.6
percent.915

The level and mix of energy use varies by sector and by country, depending
on their stage of economic and technological development.916 At the macro
level, liquid fuels, natural gas, and coal supply over 80 percent of energy
consumed, with nuclear fuel and renewable energy accounting for the
balance, as indicated in Figure 9.2.A.
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The global energy market consumes its supply of energy across the
industrial, transportation, residential, and commercial sectors. Industrial use
and transportation account for 80 percent of the energy consumed globally,
making these two sectors important for a switch to renewable energy and the
realization of fossil fuel savings.917

Figure 9.2. A) The world relies heavily on non-renewable fossil and nuclear fuels for its
primary sources of energy. Fossil fuels supply 83 percent of the world’s energy needs. B)
More than 90 percent of energy consumption is accounted for by industrial,
transportation, and residential use.918

The industrial sector is the largest global user of energy, consuming more
than half of the energy supplied across all sectors. Heat and energy-intensive
manufacturing processes consume most of this energy. This energy is used
in the manufacture of food, steel and other metals, chemicals, in oil refining,
and in pulp and paper production.
Principle areas for industrial action would include switching manufacturing
processes to renewable energy for low temperature heating and cooling
processes, and for fluid heating and steam generation processes. Switching
to renewable energy systems for powering lighting and air temperature
control systems inside buildings will also lead to significant fossil fuel
savings.919
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Where heat is generated in industrial and manufacturing processes, energy
recovery systems should be utilized to harness the dissipated or waste heat
to improve overall energy efficiency.

Figure 9.3: A) Liquid fuels account for 95 percent of all fuels used in transportation,
while natural gas and electricity account for the rest. B) Industry is the largest user of
fossil fuel energy supplies, with energy-intensive manufacturing processes accounting
for nearly 70 percent of industry’s total energy use.920

The transportation sector is the second-largest user of energy. More than
half of the energy used by the transportation sector is in nations belonging to
the Organization for Economic Co-operation and Development
(OECD).921,922 However transportation in non-OECD nations is expected to
dominate future growth in fuel use.923
Passenger transportation accounts for nearly two-thirds of transportation
fuel use, and freight transport for just over one-third. Light duty passenger
transportation, air transportation, freight trucks, and shipping are the main
users of energy within the transportation sector.924 All of these means of
transport must come under scrutiny designed to find ways to improve their
fuel use and efficiency. Reducing energy use and improving energy
efficiency will require a general downsizing of engine capacities and
reductions in vehicle weights.
Switching transportation to renewable energy systems is a priority,
especially for passenger and freight transportation, as well as in cities and
on the main intercity routes where most traffic occurs. The two main options
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for switching to renewable energy sources are reviewed in the last section of
this chapter.

The Renewable Energy Switch Must Be Accelerated
In 2015, world electricity generation accounted for 13 percent of the world’s
fossil fuel and nuclear energy (primary energy) consumption, with a further
25 percent of the world’s primary energy consumption being lost in the
conversion of that energy into electricity. 925 Hydroelectric and nonhydroelectric renewable energy sources accounted for about one-quarter of
the world’s electricity generated, with hydroelectricity dominating the
renewable electricity supply (i.e., about 70 percent).926
If a risk-mitigating market switch to renewable energy is going to occur,
then not only must renewable energy replace three-quarters of the total
electricity generated (and the energy wasted), but renewables must also
replace a large part of the 63 percent share of primary energy supplied to
industry, transportation, and non-industrial commerce sectors for nonelectricity energy uses.927
The early stage progress toward the electricity market switch, and the
mountain still to be climbed, are highlighted in Figure 9.4.
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Figure 9.4. A) In 2015 fossil fuels and nuclear energy supplied more than three-quarters
of electricity generated. Between 1980 and 2015, these non-renewable energy sources
supplied most of the growth in electricity generation (75 percent). In the last decade,
non-hydroelectric generation by renewables has grown to account for 7.2 percent of
global electricity generation, with hydroelectricity accounting for 16.6 percent.
Electricity generation with renewables has shown a 10-year compounded annual growth
rate of 5.3 percent, and non-hydroelectric renewables 16 percent. B) Wind, biomass, and
solar sources of renewable energy are beginning to make an impact in the market.928

Technologies Fueling the Renewable Energy Revolution(RE)
Hydroelectricity, wind, biomass and waste biogas, and solar photovoltaics
(solar PV) account for more than 90 percent of the electricity generated by
renewables. These technologies are maturing, and will dominate renewable
energy electricity generation for the foreseeable future.
Hydroelectricity accounts for nearly 70 percent of the world’s renewable
energy electricity supply, with more than 150 countries producing
hydroelectricity. China, Canada, Brazil, the USA, Russia, India, Norway,
and Japan are the leading hydroelectricity producers. 929 Hydroelectricity
typically provides bulk power for supplying base load grid electricity (i.e.,
supplying the minimum level of grid electricity demand), and offers 24/7
flexibility in its supply.930
On a smaller scale, run-of-the-river hydroelectric systems are also used to
generate electricity. These systems capture the kinetic energy in rivers
without the use of river blocking dams or reservoirs. Small hydroelectric
projects (<10 megawatts) and micro-hydroelectric projects (10–100s
kilowatts) 931 are used for supplying electricity to small industries and
communities.932
Small-scale hydropower lends itself well to countries rich in river water
resources, while avoiding significant environmental damage associated with
new river-blocking hydroelectricity dams. Hydroelectricity generation on
this scale can be paired in a complimentary way with other renewable
energy sources (wind, solar PV, biomass, etc.) to achieve off-grid or
decentralized energy supply.
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Wind power has grown over the last two decades to supply more than half
of non-hydroelectric renewable energy,933 and nearly one hundred countries
use wind power.934 Wind turbine technology has advanced significantly,
making wind power competitive for grid electricity supply.935
A modern wind power plant can have up to 200 turbines, each with threemegawatt output, with rotor diameters exceeding 100 meters. Such wind
plants are comparable in capacity to conventional power plants.936
Wind power innovation has centered on taller towers, longer blades, and the
use of advanced, lighter construction materials, as well as the use of
intelligent communications and remote wind sensing. This all helps to
increase the energy output and improves its utility in lower wind conditions,
enabling wind turbines to be installed on all continents and coastlines.937
Offshore wind permits the use of larger wind turbines and blades compared
with land turbines because large ships can be used to install them. Offshore
locations provide greater and more constant wind speeds, 938 making
offshore wind useful for supplying coastal cities with decentralized
electricity supply.
Solar PV converts sunlight into electricity through the photoelectric effect
using silicon semiconductors.939 In 2016, solar PV accounted for one-sixth
of the global supply of non-hydroelectric renewable electricity.940
Solar PV is already an economically attractive option for all scales of
market use. Enhanced integration systems and weather forecasting will help
make solar PV more competitive with large-scale grid suppliers.941 Solar
PV is also the most important renewable energy technology for home use
(see Chapter 12).
The other important large-scale solar technology is concentrating solar
power. This technology offers utility company-scale supply, with heat
storage capability that allows electricity supply to be extended beyond
sunlight hours.942
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Geothermal energy taps reservoirs of steam or hot water from beneath the
earth’s surface to generate electricity. 943 Geothermal power plants can
operate 24/7, and are used to provide base load electricity,944 as well as grid
balancing of electricity supply when large quantities of renewable energy
are integrated into the grid.945 The US, the Philippines, Indonesia, New
Zealand, Mexico, Italy, and Iceland are world leaders in geothermal energy
supply.946
Geothermal, or ground source, heat pumps utilize the outer crust of the earth
as a heat source for heat exchange.947 This type of renewable energy system
represents a major source of renewable energy capacity for heating and
cooling buildings. A heat pump and ground-coupled heat exchanger are
used to move heat energy into the earth (cooling by day) and out of the earth
(warming by night). These heat exchange systems are a key component of
energy efficient homes, buildings, and greenhouse designs (see Chapter
12),948 providing free sustainable heat and cooling once the energy system is
installed.

Biogas from Agroforestry and Food Biomass, and from
Municipal Waste
Biogas recovery is a proven technology and potentially a large source of
renewable energy. Biogas recovery from biomass waste is a process widely
used in food processing, the processing of farm and municipal wastewater,
and also for processing agroforestry residues.949,950,951 Biogas is generated
from biomass using anaerobic digestion processes. It is then converted into
electricity, heat, and transport fuels.952,953 The European Union is a market
leader in biogas generation, with biogas already contributing about onetwelfth of the EU’s renewable energy supply.954
Global agriculture and the food distribution system waste more than onethird of the food that is produced. This waste offers the opportunity for
biogas production on the farm, or via larger-scale farming cooperative or
commercial ventures. 955 Agriculture also generates massive quantities of
biomass, such as forestry byproducts and crop residues, offering farmers a
source of renewable energy to offset their energy needs or to provide an
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additional revenue stream. 956 , 957 , 958 , 959 Biomass recovery from food
distribution hubs and retailers, and city-generated biomass and municipal
waste, are sources of plentiful (and renewable) biomass waste for the
production of biogas.960,961,962,963,964,965,966

We Must Plant Billions of Trees and Reforest Our Planet
Without technology, fossil fuels, and renewable energy, how will humans
keep warm and cook? Yes, that’s right, the same way they did for tens of
thousands of years: with firewood and fire.
Planting trees today makes good sense for future generations, who will need
the wood for fuel967,968,969,970,971,972 when oil and gas have run out or are
being withheld by governments and corporate entities during a global
energy or climate crisis.

Enabling Energy Security with Regional Super-Grids and
Local Smart Grids
The electricity grid refers to a network of overhead and underground
transmission lines, substations, and transformers that deliver electricity from
a network of power plants to homes and industries.973,974 In many countries,
the existing transmission and distribution infrastructure for electricity is
aging and being stretched to its limits, necessitating the upgrading of
national and regional electricity grids.975,976
Without upgrading the existing electricity grids and switching to two-way
electricity metering, renewable energy will not meet its potential for
switching the world’s energy system, or permit the decentralized supply of
electricity.977,978
Integration of more than one-third of renewable energy supply into an
electric grid at any one time is achievable with most grid systems and with
advanced management methods. To accommodate a large-scale renewable
energy switch, transmission and distribution networks will need to handle a
much larger supply of renewable energy from a larger network of suppliers,
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and spread over a much wider geographical area than traditional bulk
electricity suppliers.979,980
Smart grids are part of the solution to the above quite complex challenge.
Smart grids manage the direct interaction and communication between
energy consumers and suppliers, and enable the integration of vast amounts
of renewable energy into the electricity grid. These smart grids provide a
more resilient and flexible grid supply, and are able to accommodate a large
number of suppliers and consumers. Smart grids will be integral to a future
renewable energy power system.981,982,983
Storing energy at times of low prices provides additional grid flexibility to
cope with peak electricity demand, or for use in emergency situations.984,985
The ability to store half a day of energy is considered the sweet spot for
large-scale grid suppliers.
Pumped-storage hydropower involves pumping water uphill into reservoirs
at times of low price and low electricity demand, and then when the demand
and price are higher the energy is “harvested.” Pumped-storage hydropower
offers large-scale, low-tech grid storage of energy, which helps to make
electric grids more resilient.986 Battery storage of energy at a gigawatt-scale
will also be possible in the future,987 and will further enable smart grids by
helping ensure the resilience of the electricity supply when grid supply is
unable to meet demand.988,989,990
High voltage direct current (HVDC) transmission systems are used for
transporting bulk electricity over long distances from power plants to local
substations or large consumers and markets,991,992 including transit of bulk
electricity underwater.993 These HVDC transmission systems are an enabler
of smart grids and regional super-grids and represent the best solution for
long distance transmission of bulk renewable energy.
As the switch to renewable energy accelerates, supply agreements and
transmission links, operating to harmonized standards, will be needed in all
parts of the world. This will permit regional networks of interconnected
countries with complementary renewable resources to transmit electricity to
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distant markets and across different time zones. These collective
arrangements will also permit the pooling of electricity resources to improve
the resilience of electricity supply across multiple countries, when electricity
supply in one country is unable to meet market demands.
These regional electricity grids are referred to as wide area synchronous
grids or super-grids,994 and already operate in regions like the EU,995 North
America,996 Russia, China, other parts of Asia, and North Africa.
Decentralized energy, or distributed energy, is generated at or near the point
of use, and is connected to a local smart grid. Decentralized energy supply
using renewable sources is also readily scalable.997,998,999,1000 This type of
decentralized electricity supply represents the best energy supply strategy
for homes and urban areas, for mitigating the risks of a tightening global
energy supply, and in an international energy or climate crisis.

Accelerating the Renewable Energy Switch
What is proposed below, and indeed throughout Sections 3 and 4, may come
across as idealistic and unrealistic. You might cite all the reasons why we
can’t do these things. I am working under the assumption that the near-tomedium term future will not be “business as usual.” I assume that a cold
climate switch is going to happen, and that risks like climate-forcing
volcanism, pandemic flu, and severe drought will eventuate in my lifetime.
I am writing this book for people who realize that we cannot ignore natural
climate change, or the extreme global warming temperature peak that is
upon us. Nor can we ignore the abrupt fall in temperature that this extreme
trough-to-peak outlier portends.
We have three options under the above scenario: (1) continue believing in
anthropogenic global warming and going about business as usual; (2) deal
with this when the proverbial you-know-what hits the fan; (3) rapidly
implement risk mitigation plans, that is, anticipate these potential events and
move to reduce our vulnerability. None of these options is without pain—the
pain is suffered either now at one price, or in the future at a much higher
price.
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Pivotal to ensuring that a global energy switch moves ahead rapidly is the
need to send the right messages about climate change, and provide the
economic incentives that will motivate business and society as a whole to
make changes. These messages must also convey the reality of our finite
and dwindling energy and water reserves, and the damage we are doing
(greenhouse gases, pollution) by using these resources. By refocusing the
climate and resource messages governments can then engender the right
sense of urgency and motivation for people and businesses to act and help
switch the energy system to renewables.
Higher oil prices achieved through the perception of energy scarcity and the
unveiling of catastrophic risks will be a more powerful motivator for
businesses, transportation, and industry generally (i.e., the largest energy
users) to rapidly switch the energy system than the perceived need to
mitigate anthropogenic global warming.
Governments play an important role in regulating their national energy
markets and consumption through a number of different mechanisms. Statebased control of energy industries versus promoting a competitive
marketplace is the most obvious means of market regulation. Governments
also make decisions on what national energy resources are exploited, and
when, through government investment and the sale of exploration licenses.
Government regulation can come about from the building of hydroelectric
dams and geothermal or nuclear power plants, the sale of oil and gas
exploration licenses, the use of fuel subsidies, or by promoting renewable
energy through the use of feed-in-tariffs (premium-priced supply contracts).
Internationally, governments together with the United Nations and its intergovernmental organizations (i.e., IRENA, IPCC) are the key architects of
the world’s transition to renewable energy.1001,1002
Governments are also able to legislate and implement policies, as well as
educate and incentivize all levels of society to change their consumption
habits. Governments at all levels also have significant budgets, capital
expenses, and public sector finances to oversee. That’s an awful lot of
purchasing power to lead the switch to renewable energy.
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

128

In order to switch the world’s energy system quickly, major public and
private investments will be required for ensuring the required energy
infrastructure is put in place. This includes making the investments in
renewable energy capacity (at the national and municipal levels), in local
smart grids and regional super-grids, in long-distance high voltage direct
current transmission links, in biomass-to-biogas and biofuel production, and
biomass-biofuel and synthetic fuel filling stations, as well as electric road
(vehicle recharging) and rail systems.
These big infrastructure projects need to be financed by both public and
private sources. Some of the main financing options were reviewed in
Chapter 8. Higher oil prices, as indicated above, would provide a greater
economic incentive for switching industries and sectors to renewable
energy, because the loss of profits is a powerful motivator.
Feed-in tariffs (i.e., long-term energy supply contracts), regulated by
governments, are awarded to renewable energy suppliers at a higher price
per kilowatt-hour than the price given to non-renewable electricity
suppliers.1003 This pricing difference reflects the higher electricity supply
costs at this stage of renewable energy’s technology and market
development. Feed-in tariffs have been widely used around the world to
promote a rapid expansion of renewable energy capacity by helping
incentivize investment in renewable energy systems.1004,1005 The European
Commission concluded that “well-adapted feed in tariff regimes are
generally the most efficient and effective support schemes for promoting
renewable electricity.”1006
Big city governments are leaders in the promotion of renewable energy,
particularly in combination with energy efficiency improvements. Some
cities and governments have been forward-thinking in managing and riskmitigating climate change for their people.1007,1008,1009,1010,1011
Progressive government and city leaders use their planning processes and
purchasing authority to source national and city energy needs from
renewable sources, and to ensure that reductions in carbon dioxide are
achieved (i.e., by mandating lower vehicle emission standards, promoting
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decentralized renewable energy sourcing, etc.). These progressive
governments also implement building codes and set energy efficiency
targets for buildings. Progressive governments also ensure waste is
processed for biogas, while investing in renewable energy public
transportation systems, among many other actions. Cities that are investing
in renewable energy public transportation systems include Oslo, Bogota,
San Francisco, and Melbourne.1012
By introducing standards for building energy use and efficiency,
municipalities can have a direct influence on new construction and the
retrofitting of existing buildings to higher standards of sustainability.
Municipalities can also influence the replacement of old equipment that uses
a lot of energy with more efficient items. Municipalities and the public
sector generally can ensure that public heating systems are switched to
renewables.
More than 90 percent of transport energy comes from oil and liquid fuels.
To have any meaningful impact on switching transportation energy systems,
it will be important for municipal and national governments to facilitate the
switch to renewable energy transport systems (i.e., electric rail and road),
especially in cities and on the main intercity routes.
In the shorter term, setting stricter fuel economy standards for reducing
greenhouse gas emissions and fuel economy standards for small vehicles1013
and other classes of vehicle transportation will promote an industry-wide
downsizing of engine capacities. Stricter fuel economy standards will also
promote the development of lighter, smaller, and lower maximum velocity
vehicles. Older vehicles not complying with stricter emissions regulations
would be phased out over time.
Two main options are available for both central and city governments, as
well as commercial enterprises, to move transportation to renewable energy
systems.
First, public and private initiatives can be used to switch internal
combustion engine vehicles to renewable biomass-waste generated biogas
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and liquid bio-fuels, 1014,1015,1016,1017 and to synthetic fuels. 1018, 1019, 1020, 1021
These renewable fuel options for combustion engine vehicles are available
right now.
A switch to renewable biofuels will be greatly assisted by higher oil prices,
once it’s realized that peak-oil and peak-discovery are behind us, and once a
carbon tax is implemented. An economic imperative is needed to support
this biomass-biofuel switch, and a higher long-term oil price will support the
business case for investing in biomass-biofuel conversion production
capacity and vehicle refueling infrastructure.
Compressed natural gas (CNG) has been in use for decades in some
countries and is already powering 20 million-plus vehicles worldwide,
offering society a tried and tested renewable fuel alternative.1022 In New
Zealand during the oil crisis of the 1970s, the government incentivized
vehicle conversions to CNG, establishing a precedent for government
intervention to direct market responses to fuel scarcity. More widespread
biomass-biogas use will require new policy initiatives and commercial
support. Major investment in refueling infrastructure and biomass-derived
biogas production facilities will be required, along with the retrofitting of
vehicles using biogas conversion kits.1023,1024
Biofuels derived from irrigated crops are not a viable renewable energy
solution for transportation, because they would have a major impact on
irrigation water use in stressed water basins around the world, and would
lead to greater deforestation.1025
The second option for switching transportation to renewable energy systems
is by electrifying road systems and accelerating the development of the
electric vehicle market. With such development of electrification
infrastructure, transportation could be moved more rapidly to electricpowered systems.
Electric cars are already a reality and in an early phase of market adoption
around the world. The technology for electric vans and buses is at an earlier
stage of market development, while electrification for long-range trucks and
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buses needs further development. The electrification of road infrastructure
has started, but this will require major public and private investment before
it becomes widespread.1026,1027,1028
The emergence of fuel cells using hydrogen for transportation is also an
interesting area of development. Hydrogen generated for fuel cells offers
scope for providing motive power for small cars, buses, trucks, and specialty
vehicles.1029 In the long run, the integration of renewable energy-driven
electrolysis systems for splitting water to release the hydrogen fuel will
make this technology fully renewable. This water-splitting process involves
the use of sunlight and specialized semiconductors (i.e., a
photoelectrochemical process), and requires further development.1030
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Chapter 10
Ensuring Water Supply during
a Grand Solar Minimum
Archeology teaches us that great civilizations were strategically located next
to big rivers, and that extreme drought played a major role in the downfall
of many great civilizations. For example, the 4.2-kiloyear rapid climate
change event (see Chapter 7) and the severe drought this caused contributed
to the end of Egypt’s Old Kingdom,1031,1032 the Akkadian Empire,1033 and the
Indus Valley Culture.1034
Yes, it is true that the technology-driven world that we live in today is very
different from the world of 4,200 years ago or the Little Ice Age. However,
with 7.5 billion people on earth today, and with groundwater resources
having been depleted in many places, we are highly vulnerable to extreme
drought. Cocooned in our cities and cozy lives, we may feel invulnerable to
Mother Nature, but we should remember that the crops and animals that
feed us remain vulnerable to climate change.
Humans, with their proclivity for living unsustainably in order to fuel
profligate growth, have already depleted two-thirds of the world`s largest
aquifers beyond sustainable thresholds, and pushed the other one-third into
significant stress.1035 We’ve also dammed, diverted, or over-extracted water
from the majority of the world’s largest rivers1036,1037 to meet the demands of
agriculture, industry, and urban growth. 1038 , 1039 In consequence, coastal
outflows of major rivers have markedly declined.1040
Globally, agriculture accounts for between 70 percent and 90 percent of
freshwater extractions,1041,1042,1043 and as such has a major impact on water
basin stress. This water basin stress and its associated transboundary river
stress, as well as the over-extraction and depletion of aquifers, constitute an
ever-worsening global problem, 1044 , 1045 , 1046 , 1047 particularly in Asia and
Africa.1048,1049 These regions are important to global agriculture and the
global supply of food (see Chapter 11).1050,1051
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Asia and Africa also account for 70 percent of the world’s population,1052
and will account for the majority of future population growth; they are also
rapidly undergoing urbanization.1053,1054 In fact, almost three-quarters of the
world’s megacities, each home to more than 10 million people, are located
in Asia and Africa.1055
The conclusion I draw from the above is that the unrestrained use of water
by agriculture, combined with economic and population growth and
growing urbanization, will create an ever-widening gap between freshwater
supply and demand. This will worsen already existing water stress and
scarcity.1056,1057,1058 This ever-widening gap between supply and demand will
be exacerbated by low rainfall and drought, particularly in Asia and Africa,
during this grand solar minimum (see Chapter 7).
The objective of this chapter, therefore, is to explore global water supply
and demand, and review the different methods, technologies, and
innovations that are available for supplying water and alleviating water
scarcity.
Three main topics are reviewed: (1) integrated water resource management,
particularly artificial groundwater recharge; (2) renewable energy
desalination; and (3) the use of pipelines to transport bulk water. These are
in addition to the remedies available to agriculture and industry that would
allow them to reduce their demand for water.

The Growing Gulf between Water Supply and Demand
Where does the water that humans depend on come from? A review of the
water cycle helps us answer this important question, and provides a basis for
understanding the options for managing water scarcity.
About 2.5 percent of the world’s water is fresh water, with the oceans
comprising the rest. Of that 2.5 percent, two-thirds is stored as glaciers and
ice caps, while one-third is stored as groundwater. Only a small percentage
of the world’s fresh water is actually found on earth’s surface.1059
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The sun is the driver of the world’s water cycle and evaporates water from
the oceans, lakes and rivers, while evapotranspiration (i.e., from plants and
irrigation) adds to atmospheric water vapor, which is then transported by
circulating air currents. Over land, the mountains intercept these vaporenriched circulating air currents, forcing them to rise, after which the vapor
condenses into clouds.
This process yields the rain and snow that falls over the mountains and
water basins below. The rain and melt water infiltrates the ground and
causes runoff into streams, as well as recharging groundwater stores.
Streams merge into rivers, and rivers flow down through the valleys,
merging en route into even bigger rivers that flow out across the open flood
plains and end their journey at the sea.1060
Nearly half of rainfall becomes surface runoff, eventually flowing into the
rivers and lakes, while the other half recharges groundwater stores and the
deeper aquifers. Rivers and floodplains absorb rainfall and release it over
time, protecting us from floods, while preserving water supplies in times of
drought.1061
On reviewing the various elements of the water cycle, water flows, and
water interactions within the water basin, we can appreciate that there are
two main sources of water for human use.
First, there is water runoff, which is captured in rivers, dams, lakes, and
reservoirs. Second, there are deeper ground water stores and aquifers (i.e.,
nature’s underground water tanks), placed there long before humans began
extracting water from these deep reservoirs.

Population and Economic Growth Accelerate the Depletion of
Aquifers
Water basin stress, transboundary river stress, and the depletion of
groundwater and aquifers constitute an ever-increasing problem, especially
in semi-arid and arid regions. This growing water stress and depletion
contribute mightily to global water scarcity, 1062,1063,1064 which is further
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exacerbated by population
change.1065,1066,1067
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USAID, a US government-operated international humanitarian and
development organization, tell us that nearly 30 percent of the world’s
population lacks access to safe drinking water,1068 and more than half live
with water scarcity.1069,1070
The ground water that humans rely on today accumulated over long periods
in vast underground aquifers.1071 Today groundwater is an important source
of fresh water to over one-quarter of the world’s population. Human activity
has depleted two-thirds of the world`s largest aquifers beyond sustainable
thresholds, and pushed one-third into significant stress.1072
This overexploitation of groundwater and aquifers is a growing
phenomenon, 1073 and is happening in regions important to agriculture,
especially in Asia and North America. 1074 , 1075 , 1076 These regions are
important to global food security (see Chapter 11), and were impacted by
severe and prolonged drought during the Little Ice Age’s four grand solar
minima (see Chapter 7).
On the surface, human activity’s impact is no different than it is below the
surface. More than 60 percent of the world’s largest rivers have already
been dammed, 1077 , 1078 with more than 40,000 large dams in existence
today.1079 Many more thousands of hydroelectric dam projects are also in
progress or are in the planning stages.1080
River outflows have markedly declined in major river systems because of
the over-extraction of water, especially for agricultural use. 1081 Asia,
Europe, and North America are the biggest continental users of irrigation,
while India, China, and the USA are the three top country users of
irrigation.1082,1083
Rivers also unite nations and communities, with more than 260 large rivers
crossing more than one country. Their combined water basins cover nearly
half the planet’s land surface area.1084 These transboundary river systems
highlight big problems, with an estimated one-third to one-half of
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transboundary river populations already impacted by water stress and
scarcity.1085
As such, transboundary river systems are potential sources of conflict. The
already high level of water stress associated with transboundary river
systems will be exacerbated by ongoing economic and population growth,
and by future droughts. Increasing water stress combined with a lack of
international, cooperative water agreements 1086,1087 means we are facing
increased risks to our global food security, and will face the prospect of
conflict during times of extreme drought.1088,1089

Depleted Water Basins Have Limited Drought- Buffering
Capacity
Agriculture Is the Thirstiest of All Sectors
Agriculture is the main global user of land, with 1.5 billion hectares used for
crops and 3.5 billion hectares used for grazing livestock.1090 Agriculture is
also the biggest user of freshwater resources by far, accounting for between
70 percent and 90 percent of freshwater extractions.1091,1092,1093
Human food and non-food crops account for seventy percent of agricultural
water use, while animal production consumes the balance, mostly for
growing animal feed crops (i.e., maize and soybeans).1094
Forty percent of global crops are produced using irrigation, on less than onefifth of the world’s cropland. Six nations, led by India, China, and the USA,
account for half of the irrigation water used.1095 This concentration of food
production in just a small number of stressed water basins, in areas that were
impacted by the Little Ice Age’s grand solar minima, presents a challenge to
global food security as we enter this grand solar minimum.
The world’s staple food crops, including wheat, rice, maize, barley,
sugarcane, soybeans, and ten other vegetables, account for more than half of
global crop production and two-thirds of crop irrigation.1096 On the other
hand, non-food crops like cotton, tobacco, coffee, tea, cocoa, spices, and
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rubber, while not the largest crops, are thirsty water consumers on a per ton
yield basis.1097
Another important consequence of irrigation is that large quantities of
energy are used for delivering irrigation water. In the USA up to one-sixth
of the energy used for crop production is used for pumping irrigation water.
This reflects the fact that two-thirds of irrigation water is being pumped
from increasingly deeper underground aquifers, due to shortages of surface
water.1098,1099
The relatively high cost of treating and delivering water has led
governments to subsidize water for agricultural use, as well as subsidizing
the cost of implementing efficient irrigation systems. Paradoxically,
however, this use of subsidies incentivizes greater water use and increases
water basin depletion. More land gets irrigated and farmers change to higher
value but thirstier crops, and less water is returned to groundwater
storage.1100,1101
In times of drought and increasing water scarcity, we should remember that
animal-related products are also thirsty consumers of scarce water resources.
In fact, the water requirement for producing one kilogram of meat is some
20–50 times higher than for producing the equivalent nutrition in crops for
direct human consumption.1102
The important lesson here is that in times of severe drought affecting
already stressed water basins, crop rotation away from non-food crops,
biofuels, grain-fed livestock, and super-thirsty rice makes good watersaving sense. Switching staple foods will no doubt represent a cultural
challenge, especially in Asia where rice is a primary staple, and among the
affluent who consume large quantities of meat.

Sustainable Industrial Use of Water
Industrial use of water varies according to stage of economic development.
In China and the USA industrial water use accounts for about one-fifth of
total water extractions, whereas in Europe it’s about 40%, while at the
global level average industrial use is about 5%.1103,1104
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Industry’s move toward sustainable water use would be facilitated by
policies directed toward ensuring that companies interact with their water
basin and environment in a sustainable and non-polluting manner.1105,1106
Water is crucial to many industrial processes. The biggest industrial user of
water is the energy and electricity production sector,1107 with mining and
quarrying, construction, and manufacturing (i.e., food, beverages,
chemicals, and paper) also being big water users.1108 Water is generally used
in industrial processes to wash, rinse, heat, cool, dilute and mix substances,
and to drive turbines.
Principle areas for industrial action include improving efficiency of water
use by reengineering products and processes. Reengineering aims to
eliminate non-essential water use, while reducing the use of water in
manufacturing and other industrial processes. 1109 Ensuring that
manufacturing process water and wastewater is purified and recycled is a
key part of sustainable industrial development, as well as preventing the
pollution of groundwater and rivers. Industry, like agriculture, must ensure
its leaky pipes are fixed to reduce losses.
Because energy production uses more water than any other industry sector,
and industries are the largest consumer of electricity, other industries can
help the energy sector reduce its water footprint, as well as their own, by
switching to renewable energy. Vast quantities of fresh water are used
annually in the inefficient production of energy and its conversion to
electricity. This water is used mostly for extraction, production, conversion,
and cooling processes.1110,1111,1112 Renewable energy technologies eliminate
water use during the generation of electricity, with the exception of
concentrating solar power in which small quantities are used for cleaning
reflectors.

Supporting Urbanization
Sustainable Water Resources

and

Megacity

Growth

with

Domestic water consumption competes with the demands from agriculture
and industry, and accounts for about 4 percent of total water extractions.1113
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Big cities located in stressed water basins and arid and semi-arid regions
will be vulnerable to drought in this grand solar minimum.
Giving this water supply vulnerability some context, in the space of 50 years
after 1950 there was a five-fold increase in the number of world cities
exceeding one million inhabitants. 1114 Similarly, the population of the
world’s 100 largest cities grew to more than 6 million inhabitants per city on
average. 1115 This means that more than half of the world’s population
currently lives in cities, rising to over two-thirds in some regions, such as
Europe.1116,1117,1118
Rapid urbanization and overall population growth are relentless, particularly
in regions such as Asia and Africa.1119 They present fundamental challenges
to city planners’ abilities to manage ever-scarcer water resources.
The second big urbanization trend is that coastal population growth outpaces
non-coastal population growth. Between 30 and 40 percent of the world’s
population live within 100 kilometers of a coast.1120,1121
In fact, two-thirds of cities with more than 5 million inhabitants as well as
most of the world’s megacities are ten meters or less above sea level. This
grouping of populations near the coast occurs in the majority of the world’s
nations. While this proximity to the coast poses risks to cities (i.e., coastal
flooding), important opportunities are also afforded for the decentralization
of
municipal
freshwater
supply
through
renewable
energy
desalination.1122,1123,1124,1125

Mitigating Water Supply Risks during a Grand Solar
Minimum
The conclusion I draw from the above review is that the unrestrained
agricultural and industrial use of water, combined with population and
economic growth and increasing urbanization, create an ever-widening gap
between freshwater supply and demand. This gap will be exacerbated by
low rainfall and drought, especially in arid and semi-arid regions, and
particularly during this grand solar minimum. This collectively leaves us
vulnerable to extreme drought and exposes populations to higher levels of
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disease, malnutrition, and famine, leading to higher mortality rates. Water
scarcity could also precipitate human conflict between communities and
between nations.
Three main topics considered for mitigating water supply risks are reviewed
below. First is integrated water resources management, especially the need
for artificial groundwater recharge. Second is renewable energy
desalination. Third is the use of water pipelines to transport bulk water to
regions and cities in need. These three topics of discussion are in addition to
the remedies reviewed above for the agricultural and industrial sectors.

Integrated Water Resources Management and Artificial
Groundwater Recharge
Integrated water resources management actively promotes the sustainable
use of water resources and their equitable supply among different consumer
segments (i.e., agriculture, industry, municipalities). Integrated water
resources management is coordinated by government and integrates key
stakeholders (industry, consumer groups) involved in the management of
water catchment, flood and drought control, and the environment
generally.1126
Integrated water resources management takes a holistic view of water basin
resources, from the mountains and valleys to the coastal river mouth.
Integrated water resources management embraces flood control and drought
management and maximizes groundwater storage while ensuring the
treatment
of
wastewater
and
the
prevention
of
1127,1128,1129,1130,1131,1132
pollution.
At the water basin level, it will become increasingly important to establish
controls on water extractions by large water users, such as agriculture and
industry. Policy implementation and the use of volume quotas and full
economic pricing can be used to limit extractions, while promoting
efficiency and innovation in water use. Price controls are not always easy to
implement, because they have political consequences (in terms of voting,
protests, etc.).1133,1134 However, when water is scarce and drought becomes
extreme, compromises and solutions must be found.
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Water flow and groundwater storage in a water basin are modified by dams
high up at the headwaters, and by construction at the flood plain level. 1135
Floodplain construction includes channelization, which creates strategically
located waterways (i.e., canals, causeways) to control flooding and improve
land drainage, and floodplain reclamation (i.e., landfill) which increases the
usable land area, permitting greater urbanization and other changes in land
use (i.e., roads, industrial parks).1136
The downside of flood prevention and floodplain reclamation is that they
undermine the natural connection between a river and its floodplain. By
eliminating the river-floodplain connection, ground water storage and the
water basin’s ability to buffer drought are adversely impacted. Reconnecting
rivers to flood plains and enabling water to enter natural waterways offers a
means for increasing groundwater storage.1137,1138
Water basin managers, municipalities, and both large-scale and smallholder
farmers are increasingly using artificial groundwater recharge to increase
water stores. 1139 , 1140 , 1141 For large-scale groundwater recharge projects,
expert decisions must be made concerning the best location.1142,1143,1144
A variety of surface structures are used for groundwater recharge. These
improve surface water retention and its infiltration. They include low-level
river and streambed dams, contour bunds (i.e., low level earth embankments
following a land’s contour to hold back or slow water runoff), low level
dams in gulleys, reservoirs, storage ponds, irrigation and drainage canals, as
well as the terracing of hill slopes. Woodlands and riverside trees and
vegetation (i.e., riparian buffers) also assist groundwater recharge.1145,1146,1147
Artificial groundwater recharge is increasingly being used for short- and
long-term underground water storage. Artificial recharge utilizes permeable
surface soils, trenches, or specially located well shafts to directly inject
water into the aquifers. 1148 , 1149 Groundwater recharge utilizes river and
wastewater, as well as desalinated water, for the recharging process.1150
Forests and woodlands provide a natural means of flood control, especially
in the upper water basin and floodplains. Forests regulate storm discharge
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into rivers and control river flow rates, while increasing the duration of
stream flow after rains cease. Forests also help recharge groundwater. Thus
forests, and reforesting, provide many benefits—such as a source of
renewable energy, a means of flood control and groundwater recharge, and
ecosystem benefits (i.e., increasing biodiversity, oxygen production, carbon
storage, etc.). These big benefits mean we must make reforestation a
priority.
Flood control and prevention involves increasing the number of strategically
located waterways to direct water away from urban and other areas, and the
use of physical flood defenses to protect important areas. Flood defenses
include physical structures like flood control dams in the upper catchment
areas,1151 weirs, flood banks, flood protection dikes, contour bunds, water
detention basins, and reservoirs. Urban flood protection involves the use of
green infrastructure to reduce water runoff and prevent flood control
systems from being overwhelmed.1152,1153,1154

Decentralized Water
Desalination Systems

Supply

Using

Renewable

Energy

Do we really have a water shortage? Do we need to face water scarcity and
shortages of supply?
We have options for meeting our water needs that go beyond the water
cycle, water basin and river systems, and aquifers. With 97 percent of the
world’s water supply residing in the oceans, and our ability to pipe water
thousands of kilometers, the simple answer to the above questions is No in
both cases.
In an ideal world, we would just need to separate the fresh water from
seawater or brackish (i.e., estuary or river mouth) water, using renewable
energy desalination systems, and then transport it to where it is needed using
canals and pipelines. Pumping would be done with pumps powered by
renewable energy.
With a sizable portion of the world’s population and the majority of the
world’s largest cities located close to the coast, renewable energy
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desalination makes compelling sense. Renewable energy desalination offers
coastal municipalities and industries a means for decentralizing their water
supply while mitigating water scarcity.
Municipalities account for 70 percent of desalinated water use, while
industries use about one-fifth. 1155 Desalination is now an economically
viable option for water supply, and is becoming more cost-competitive with
other water sources, particularly where large-scale production facilities are
located in proximity to renewable energy sources.1156,1157
Desalination is presently used to supply about 1 percent of global fresh
water, with renewable energy desalination supplying only a small fraction of
this. Middle Eastern countries such as Saudi Arabia, the United Arab
Emirates, and Kuwait,1158 as well as the USA,1159 Spain,1160,1161 and China1162
are some of the largest users of desalination technologies. Some examples of
small to medium-sized desalination plants are cited here for reference
purposes.1163,1164,1165,1166
Seawater desalination accounts for most of global desalination capacity
worldwide, with river and wastewater also being utilized in desalination
systems.1167,1168 Brackish and river water desalination is a lower cost option
compared with desalinating seawater, due to brackish water’s lower level of
salinity.1169
Desalination technologies mainly utilize semi-permeable membrane
desalination processes such as reverse osmosis, or thermal desalination
processes using evaporation and distillation processes, such as multi-stage
flash and multi-effect distillation.1170,1171
Solar photovoltaic and wind-generated electricity are well suited to reverse
osmosis processes, while concentrating solar power, geothermal, fossil fuel,
and nuclear electricity and heat co-generation are useful for thermal
desalination processes that vaporize the feed water to produce a purified
water condensate.1172,1173,1174
Solar photovoltaic reverse osmosis systems are highly scalable using bolt-on
system additions to scale up water production, making them ideally suited
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for both small and large towns, and small cities.1175,1176 Solar stills and solar
ponds offer a good solution for areas of low volume and low demand, such
as small or remote coastal communities, and for use at home (see citations
for homemade designs and design principles).1177,1178,1179,1180
The shortcomings associated with renewable energy desalination (caused by
the variability in the supply of energy) have made these desalinating
systems less attractive when compared with fossil fuel-powered systems.
However, advanced management practices now provide desalination plant
operators with the ability to buffer the fluctuations in the supply of
renewable energy, while extending the hours of daily water production.1181

Bulk Water Transportation by Long-Distance Pipelines
It never ceases to amaze me how humans can with ingenuity and innovation
find solutions to big problems or needs, if given sufficient time to prepare.
Freshwater pipelines and cross-country canal systems transporting bulk
water supplies from resource-rich regions (i.e., coastlines, rivers, mountains,
and aquifers) hundreds or thousands of kilometers to where they are needed,
would be an example of such ingenuity and innovation translated into
action.
In China, the South-to-North Water Diversion Project will theoretically
transport 45 billion cubic meters of water a year (i.e., the annual volume of
the river Thames in England) across a waterway network of nearly 4,500
kilometers. This waterway network comprises giant canals, pipelines,
aqueducts, and pumping stations, and crosses the Yangtze, Yellow, Huai,
and Hai Rivers.1182
Equally ambitious, the Trans-Africa Pipeline Project aims to deliver potable
water for up to 30 million people in eleven African Sahel (i.e., the southern
Sahara desert margin) countries. Two coastal solar power desalination plants
in Mauritania and two on the Red Sea, plus land-based wind turbines, will
pump 400,000 cubic meters of desalinated seawater per day inland along an
8,000km pipeline.1183
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The Great Manmade River of Libya is another of these grand projects
undertaken by a government on behalf of its people. This pipeline transports
3.7 million cubic meters of water daily over 2,800 kilometers to Tripoli
from deep underground aquifers. Likewise, the California Aqueduct
transports bulk water from the Sierra Nevada Mountains and valleys over
640 kilometers away to Southern California, where it is badly needed.
These projects demonstrate great vision born from absolute necessity, as
well as the sheer scale of what governments, stakeholders, and their
industrial partners are prepared to take on to help their people. They
demonstrate that the bulk transportation of water over great distances is
eminently feasible. These projects also highlight the different sources of
bulk water supply (oceans, rivers, aquifers, and mountains) that can be used
to extract and then transport water using massive pipelines hundreds or
thousands of kilometers in length.
The combination of coastal seawater and renewable energy, plus industry’s
proven capability to build pipelines thousands of kilometers long, means we
can solve water scarcity problems for coastal and inland cities, industries,
and agriculture. These innovations could be used to eliminate human
vulnerability to the water cycle and the solar phenomena that will influence
it during this grand solar minimum.
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Chapter 11 Mitigating Climate-Related Food
Supply Risks
What do you think poses the greatest global food security risk?
Is it all bets on the IPCC’s Articles 1 and 2 and its global warming story that
ignores nature’s undismissable risks? What about a global economic model
based on growth, resource depletion, and environmental destruction? Could
it be growing urbanization and the fact that we’ve forgotten how to grow
food at home? What about the real prospect for government trade
restrictions during a food crisis? What about low oil prices, which are
helping to prevent a switch to renewable energy? Could pandemic flu trump
all other risks?
My top two food security risks are as follows. First, realizing that the
Holocene Climate Optimum is behind us, while a switch to a colder climate
lies ahead of us, I think Articles 1 and 2 represent by far the biggest
unrecognized global food security risk (see Chapters 1–7). Second is the
high degree of urbanization, which in turn has caused us to forget how to
grow food at home. These two food security risks represent catastrophes
waiting to happen.
How do we improve the resilience of our national and global food supply?
How do we mitigate the big food supply risks? How do we supply food in a
global food crisis?
This chapter’s purpose is to provide answers to these questions, and share
the major options available to governments, municipalities, and individuals
for securing food should a global food supply crisis occur.

The Big Risks to Global Food Security
Weather-related shocks have a major impact on food production because
crops and animals are sensitive to weather extremes.1184,1185
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With the Holocene Climate Optimum behind us, and the likelihood of a
switch to a global cooling phase (see Chapters 3–6), the UNFCCC and
IPCC’s Articles 1 and 2 focused on global warming represent the biggest
unrecognized global food security risk by far (see Chapters 1, 2, and 7).
Our “business as usual” global economic model, based on growth and
resource depletion with little regard for the environment, also poses major
food supply risks. Under business as usual, it is expected there will be 9plus billion people living in the world by 2050. Most of the population
growth from current levels is expected to be in drought-prone, aquiferdepleted, rapidly urbanizing, and malnourished 1186 Asia and
Africa,1187,1188,1189,1190 which depend heavily on fossil fuel imports to achieve
economic growth.
Under the business-as-usual scenario it is expected that global food supply
will need to increase by between 60 and 100 percent by the mid-21st
century.1191,1192 The downside of growing urbanization is that there are fewer
food producers relative to the number of consumers,1193 something which
increases vulnerability to food supply risks. In a food crisis, trade
restrictions imposed by exporting nations will be the norm. Corporate food
suppliers in nations that do not restrict trade in food will also likely divert
food supplies for profit, causing local food price inflation. This will
undermine access to food for people in urban areas—especially the poor
and, more generally, those living in developing nations.
We face another big risk to future food security in the form of higher oil and
gas prices (see Chapter 8) as these resources become increasingly scarce.
Ultimately, food price inflation will be the consequence of this. Higher food
prices will for the most part impact the poor and developing nations, making
access to food more costly and contributing to an increase poverty.1194,1195

Our Fragile Global Food Supply
Today nearly one-quarter of global agricultural food production, or more
than half a trillion dollars’ worth, is traded internationally.1196,1197 Eighty
percent of people now live in countries that must import food, with 10
percent of the world’s population living in countries importing more than
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half of their food supply. This reliance on food imports is most notable in
the Middle East, Asia, Africa, Central America, and Southern Europe.1198
Twenty food-exporting nations account for the majority of global food
trade. The leading agricultural food exporters include the European Union,
the USA, Brazil, China, Canada, Argentina, Indonesia, Australia, Malaysia,
India, Russia, Ukraine, and Kazakhstan.1199,1200,1201
Three main crop types, wheat, maize and soybeans, account for half of
exported food crops.1202 Five nations account for between two-thirds and 80
percent of wheat, maize, and rice exports.1203,1204,1205 This dependence on a
small number of crop-exporting nations creates huge vulnerabilities in our
global food security. When crop yields in the major food producing and
exporting nations are adversely impacted by extreme weather, importdependent nations will become vulnerable to trade restrictions imposed by
exporting nations, and will therefore be exposed to massive food price
inflation.
For example, the food supply crisis of 2008 was the result of a price spike
that resulted from drought-related crop failures among major exporters in
late 2006, along with other market factors. Prices of the main staples
increased by more than 50 percent, and in the case of rice prices tripled.
This resulted in food riots in some countries, following the imposition of
trade restrictions by some exporting nations. Export disruptions necessitated
the introduction of import subsidies by the governments of importing
nations, for the purpose of quelling public unrest.1206,1207,1208,1209,1210
All of the above demonstrates the high level of interdependence between
nations when it comes to food, the vulnerability of the global food system to
climate change, as well as its vulnerability to price inflation. This high level
of interdependence makes global trade, government restrictions on trade,
and global commodity markets important influences on global food security.

How Do We Improve Food Supply Resilience?
Given the fragility of our global food supply to climate disruption, and the
high level of dependence of many nations on food imports, how do nations
improve the resilience of their food supply?
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The simple answer to this question is that each one of us is a part of the
solution. A number of important levers are available to people,
communities, cities, food importers, governments, and organizations
involved in developing climate-adapted crops (see citation)1211 to improve
the resilience of our food supply, both globally and nationally.
The most obvious solution is for more nations, municipalities, and homes to
become almost self-sufficient in food supply, so that we may provide for a
higher percentage of our own food needs. This will make us less dependent
on food imports and on food supplied by corporations. This self-sufficiency
underpins decentralized sustainable development. Decentralized sustainable
development can protect us against food trade restrictions by governments,
the impact of large food suppliers diverting food for profit, and commodity
market speculation, all of which hinder the supply of food and drive up
prices in a food crisis.
For countries that rely on food imports, increasing the number of supplying
countries, suppliers, and the number of crop varieties imported can help
them diversify their food supply.1212 Diversifying the number of countries
from which food is imported, and whose weather is controlled by different
air circulation and monsoon systems, will also protect against the impact of
low solar activity and volcanism (see Chapter 7). Trade agreements can be
implemented to ensure food supply in times of crisis, with corporate
suppliers prioritizing trade agreements over general exports. In times of a
food crisis or short supply, consumers can also diversify their palates and
reduce their reliance on any one type of food, such as, for example, waterthirsty rice.
Governments hold grain reserves for emergencies or for stabilizing prices in
a food supply crisis. For countries with food stockpiles, these can be used to
make good any food supply deficits for a number of months while food is
being grown. However, food stockpiles have declined in recent decades, for
a number of reasons.1213,1214 National food stockpiles should be reassessed in
preparation for a climate switch and accompanying risks such as climateforcing volcanism or a pandemic flu outbreak. Industrial-scale and
automated greenhouses, high-tech indoor and vertical farming, as well as the
large-scale manufacture of single cell proteins, are all proven climate- and
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sunlight-independent food production technologies (reviewed below). These
food production systems could be used to provide emergency food supplies
in a crisis.
In the event of a climate-induced food crisis, switching from non-food crops
such as those grown for biofuels (e.g., woody crops), beverages (e.g.,
coffee, cocoa, tea), and fibers (e.g., cotton) to food crops is an option for
increasing available food crop acreage.1215 Croplands changed from nonfood crops, as well as livestock pasturelands, can be planted with shortcycle crops such as potatoes, sweet potatoes, millet, pulses, maize, wheat,
barley, etc. Diverting grain from livestock production to human
consumption will also help expand food supply.

Mitigating Climate Extremes with Climate-Adapted Crops
The world’s main food staples are wheat, rice, maize, barley, sugarcane,
soybeans, and ten other vegetables. Other important food staples include
millet, sorghum, rye, barley, oats, roots and tubers (potatoes, cassava, etc.),
as well as animal products (meat, eggs, milk, fish).1216,1217
Climate-adapted maize, wheat, rice, beans, and potatoes are available, both
commercially and through the plant breeding programs of international crop
development organizations. These organizations include the International
Maize and Wheat Improvement Center, International Rice Research
Institute, The Pan-African Bean Research Alliance, International Crops
Research Institute for the Semi-Arid Tropics, and the International Potato
Centre (collectively, “crop stakeholders”).1218
These crop stakeholders maintain gene banks, seed collections, and breeding
programs for the development of climate-adapted crop staples. Crop
stakeholders have also assembled global networks to help the farmers of
developing nations grow climate-adapted crops in a sustainable and
equitable manner. In the future, once a climate switch and other climate
risks are recognized worldwide as distinct possibilities, then crop
stakeholders will need to increase their efforts to develop cold- and droughtadapted crops. The sooner crop stakeholders change their focus the better,
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given that it takes years to introduce new climate-adapted crops to farmers
in developing nations.

Crop Staples Adapted for Harsh Winters and Cold Climates
A cold temperature threshold must be crossed for a minimum amount of
time before plant damage occurs. The species and variety of plant, its stage
of development, soil conditions, and climate factors associated with the
freeze (such as wind chill factor) influence this temperature threshold.
Inadequate acclimation of young plants in the autumn, and the duration and
intensity of sub-zero temperatures, determines how well crops survive the
winter cold or frosts.
Vernalization is a natural adaptation mechanism by cereal crops growing in
harsh winters or short growing seasons. This adaptation ensures flowering
occurs in the spring and seeds mature before the next winter.1219 Winter
cereals must be planted before the end of the winter’s intense cold phase for
vernalization to occur, whereas spring cereals will flower soon after their
spring sowing without the need for vernalization.1220
Wheat is a very important global crop in Asia, Eurasia, and North
America.1221 Wheat has the broadest adaptation of all cereal crops, and has
good cold tolerance.1222 Spring and winter wheat varieties have been bred,
and the most cold-tolerant wheat varieties are killed at just below –200C.1223
With adequate cold acclimation in the autumn, winter wheat can withstand
freezing temperatures for extended periods,1224 making wheat a versatile
winter and cold climate crop.
Winter rye has historically been the national crop in colder lands, such as
northern and central Russia and northern Europe.1225 Rye is the most coldtolerant and drought- tolerant of the cool season grass crops, followed by
wheat, barley, and then oats.1226,1227 The most cold-tolerant rye varieties are
killed at about –300C, which gives hope that it can be a staple crop during a
climate switch.1228
Rice is an important crop, especially in Asia, 1229 and is widely cultivated
between the mid-latitude regions, and at up to 3,000 meters in altitude. The
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Japonica varieties have a higher degree of cold tolerance than the Indica
varieties.1230,1231,1232 Further efforts to improve rice’s tolerance for the cold
are currently in progress.1233
Maize is also a very important global crop, grown in most tropical and
temperate latitudes and at altitude. Early sowing of maize increases yields
and helps avoid late summer drought, but this early sowing requires cold
tolerance traits. Selective breeding of maize for cold tolerance has resulted
in varieties able to withstand cold spring temperatures and short-term
frosts,1234,1235,1236,1237 which has improved maize’s ability to survive in a
colder climate.

Drought-Tolerant Crop Staples Need More R&D
Conventional maize breeding has resulted in improved grain yields under
drought conditions. This selective breeding has targeted such traits as
increased plants per hectare, ears per plant, seeds per ear, and seed
weight.1238,1239
The International Maize and Wheat Improvement Center (CIMMYT)
develops drought-resistant maize, and supplies half of the world’s maize
varieties. 1240 The CIMMYT’s drought-tolerant varieties are products of
conventional plant breeding, and these have provided improvements in yield
of up to 50 percent. 1241 Progress has also been made with genetically
modified maize varieties that minimize drought impact.1242
More than half of the wheat acreage in developing countries utilizes
CIMMYT- developed varieties.1243 The reality, though, is that progress in
breeding drought-tolerant wheat varieties has been slow,1244 and has so far
provided insufficient yield improvements to feed a growing population in a
more drought-prone world.1245
This limited progress in breeding drought-resistant wheat is the result of the
fact that other plant stresses such as high temperatures, solar irradiance, and
nutrient deficiencies typically accompany drought. These stressors
complicate plant breeding selection by multiplying the number of variables
to study in the selection process.1246,1247,1248
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Integrating genetic material from distant wheat ancestors or drought-tolerant
rye would be a quick route to improving yields under drought
conditions. 1249 , 1250 , 1251 Hybrids (i.e., wheat-rye) provide fast-track
development options to more rapidly improve wheat’s drought tolerance, as
opposed to using traditional plant breeding methods.
Given Asia’s high dependency on rice that is highly vulnerable to drought, it
will be necessary to improve the drought tolerance of rain-fed rice. Two
main options are offered for improving the drought tolerance of rice.1252,1253
First is the transfer of genetic material from upland drought-tolerant rice
varieties to lowland rice varieties vulnerable to drought and grown in
drought-prone regions. 1254 The second option is the development of
genetically modified drought-tolerant rice, which currently is an area of
active research.1255 Alternatively, and in the face of a worsening drought,
changing the palates of Asians and Africans to less thirsty wheat and maize,
which require half the water needed by rice, would provide another watersaving solution.
Drought-tolerant cover crops such as millets, 1256 sorghum, 1257,1258 pigeon
pea,1259,1260 and cowpea1261 help farmers survive drought, especially during
the hunger months of the dry season when food supplies run low. Pearl
millet and sorghum are among the most drought-tolerant of all the main
staples, and are important crops in arid and semi-arid regions.1262,1263
Millets are small-grain grasses, and are the most drought-tolerant of the
summer annual grass crops. They will germinate when very little moisture is
available.1264 The fast growth and maturation of millets make them well
suited to intensive cropping systems in semi-arid and arid climates,
particularly as drought progresses and limits the potential use of irrigation.
At the other extreme of water supply, rice normally dies within days of its
complete submergence, making rice in flood-prone regions (like parts of
India and Bangladesh) vulnerable to extreme rainfall. Progress has been
made in the development of submergence-tolerant rice that is able to survive
completely submerged for up to two weeks.1265,1266 Regional differences in
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the impact of grand solar minima make rice’s ability to tolerate
submergence important for parts of Asia, which could experience more
monsoon rainfall while other areas experience more drought.

How Do We Produce More Food Sustainably?
Promoting Sustainable Agriculture and Supporting Smallholder
Farmers
Yield increases alone are unlikely to meet the projected 60–100 percent
food supply increase required to feed 9 billion-plus people by mid-century,
meaning cropland area will need to increase.1267,1268 Without a switch to
sustainable farming, more cropland will be required, to the detriment of
biodiversity and the environment.
Sustainable farming means increasing the intensity of food production,
improving the resilience of food production systems, and doing both with
less environmental impact. These things move the focus from a resourceintensive system (i.e., heavy use of water, fertilizer, pesticides, and energy)
to a knowledge-intensive system, with a key focus on managing
environmental impact and biodiversity.1269,1270
The most practical and sustainable way to increase food production yields is
for farmers to close the yield gap—in other words, the gap between the
potential yield using best practice farming methods and currently realized
farm yields. A wide variation in crop yields exists within and between
different countries, for many reasons. By closing the yield gap, more food
can be produced without increasing cropland area. Potential yields depend
on seed genetics, the judicious use of irrigation water and fertilizers, optimal
soil quality and management, pest management, farmer knowledge and
production practices, and also on the local or regional climate.1271,1272
More than 1.5 billion rural people worldwide live on more than 500 million
small farms, each averaging less than two hectares in area. Three-quarters of
these smallholder farms are in Asia and 10 percent are in Africa.1273 These
smallholder farmers account for more than half of food grown for domestic
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consumption in low- to middle-income countries. In Africa, smallholders
are the mainstay of domestic food production.1274,1275,1276
The smallholder farmer is therefore critical to achieving food security in
most nations,1277 and particularly in Asia, Africa, and Latin America. In
addition, smallholder farmers are responsible for feeding most of the
world’s poor.
When smallholder farmers adopt sustainable agriculture, average crop yields
increase significantly.1278,1279 Climate change, particularly drought, is one of
the greatest risks to smallholder farmers and the poor whom they feed.
Therefore, the interests of governments and crop development
organizations1280are best served by helping smallholder farmers move to
sustainable farming systems—by ensuring that irrigation water is made
available to them, and by helping them gain access to climate-adapted seeds.
Up to one-third of global food production is wasted.1281,1282 Food waste is
higher for fresh fruit and vegetables than for grains. More food is wasted
between the farm and retail outlets in developing nations, whereas more
waste occurs in the retail outlets and at home in developed nations.1283,1284
By reducing the net food waste from farm to plate, the effective food supply
can be increased (i.e., not wasted). Optimizing food storage, processing, and
times of transit, and educating consumers about food waste will all be
important for reducing food waste and increasing the effective food supply.

Aquaculture Produces More Protein from Less Food than
Livestock Production Systems
We cannot expect to sustainably harvest more fish from the oceans, because
we have already pushed most fish populations to or beyond their sustainable
limits. 1285 Therefore, in order to produce more fish for consumption,
sustainable aquaculture will be required. Aquaculture already produces half
of the world’s fish supply,1286,1287 with Asia (principally China) producing
90 percent of global supply. Carp, tilapia, shrimp, marine molluscs, and
catfish dominate aquaculture production. 1288 , 1289 , 1290 Aquaculture utilizes
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lakes, ponds, canals, tanks and cages, and a wide range of feed types and
production technologies.1291,1292
When we consider meeting the animal protein needs of 9 billion-plus
people, farmed fish has three big advantages over grain-fed livestock. Less
grain, less fishmeal, and less water basin depletion is required per kilogram
of fish protein produced.
Fish are among the most efficient converters of food into high quality
protein, and require only one-quarter and one-third of the grain required by
cows and pigs, respectively, to produce one kilogram of fish protein.1293 This
is because fish do not rely on food to make body heat as mammals and birds
do, or use muscles to stand upright, utilizing buoyancy instead. This in turn
lowers their food requirements for producing body mass as compared with
terrestrial livestock.
The impediment to market growth for aquaculture is the amount of fishmeal
and oils required to produce farmed fish. On average, for every kilogram of
fish produced in aquaculture systems, 0.7 kilogram of wild fish is required
(i.e., non-edible fish, fish by-products). Much more fishmeal is needed to
produce carnivorous fish (i.e., salmon, trout), and much less for herbivorous
or omnivorous fish (i.e., carp, tilapia, milkfish, and catfish).1294,1295
Reducing aquaculture’s dependence on wild fish is therefore seen as a key
priority by the fish feed industry. Soybeans, maize, meat by-products, yeast,
and microalgae are being used as substitute nutrients in fish feeds, to make
fish farming more sustainable now and in the future.1296,1297,1298
Another big plus of fish protein production via aquaculture, as against grainfed livestock protein production, is the fact that the poultry and swine meat
industries are the world’s largest consumers of fishmeal for animal feeds
(i.e., a source of protein and oils).1299 This makes fish production more
sustainable than livestock production when it comes to maintaining ocean
fish stocks.
Traditional aquaculture rearing systems use little or no fishmeal. In fact,
most of carp and two-thirds of tilapia production worldwide do not use
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professionally manufactured fish feeds.1300 Tilapia and carp aquaculture is
well suited to smallholder farmers and for urban fish supply, given that
homemade diets composed of rice, beans, sweetcorn, supplements, etc. can
be fed to fish instead of using commercial brands of fish food.1301
Outside of China and the rest of Asia, in regions such as Africa, aquaculture
is not yet a dominant source of fish supply. Depletion of ocean fish stocks,
reduced fish catch in coastal Africa, and Africa’s increasing urbanization
justify the further development of aquaculture in Africa.1302,1303
For aquaculture to become more sustainable, the industry and stakeholders
need to expand the use of herbivorous-omnivorous fish aquaculture (i.e.,
tilapia, carp, shellish), reduce aquaculture’s dependency on fishmeal and
oils, develop multi-species systems to increase productivity (i.e., salmon or
trout plus shrimp or mussels) and provide environmental benefits (i.e.,
biological waste treatment with hydroponics), while minimizing
aquaculture’s environmental impact.1304,1305

Urban Agriculture Provides Food Security and Feeds the Poor
For almost the entire duration of the Holocene, right up until the Green
Revolution really got underway in the 1950s and ‘60s, 1306 , 1307 humans
produced most of their food close to home. Sixty years on, most citydwelling humans have forgotten how to grow food, or have no facility for
growing food at home. With more than half the world now living in urban
areas, the challenge will be to feed urban residents during a sustained food
supply crisis.
On a worldwide basis there are perhaps 200 million urban farmers, with
two-thirds of these food providers being women.1308,1309 Urban agriculture is
already an important component of urban food supply to the world’s poor,
and would play a key role in helping provide food security during a serious
food crisis.1310
To put a global food crisis in perspective, under normal conditions the
world’s poor spend the majority of their income on food,1311 and would
therefore be highly vulnerable to food price inflation during a food crisis.
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With an estimated 1 billion poor people subsisting in urban slums,
particularly in Asia, Africa, and Latin America,1312 urban agriculture has a
key role to play in creating urban food security.
Urban agriculture involves the production of food at home or in a variety of
urban land locations and building types. Urban agriculture utilizes gardens,
greenhouses, balconies, walls, rooftops, and plots of peri-urban land (i.e.,
land surrounding cities) up to tens of kilometres from the city boundary.
Food production is achieved using traditional land garden-based methods
and technology-enabled systems such as vertical gardens, greenhouses,
covered crops, hydro- and aqua-ponic systems, and aquaculture systems (see
below and Chapter 12).1313,1314,1315,1316,1317
Typically, urban and peri-urban agriculture supplies food all year round,
generally consisting of perishable, short-cycle crops such as vegetables
(leafy greens, tomatoes, potatoes, cucumbers, peppers, etc.), herbs and
fruits, medicinal crops, and fish and small livestock.
Urban and peri-urban food production is complementary to rural food
supply, which ensures perishable products are grown or raised close to their
point of consumption. This reduces food waste, particularly where cold
storage is limited.1318,1319,1320
In some countries the level of urban food production is high, demonstrating
that with the right municipal support significant food quantities can be
grown in or around cities. For example, in Asia, Africa, Latin America, and
Eastern Europe urban agriculture supplies about one-third of urban
household food, rising to over half among the poor.1321 For certain foods
such as greens, grains, milk, and eggs, urban and peri-urban farming can
fully provide a small city’s food supply.1322,1323,1324
What is very clear is that if city governments wish to decentralize a
significant share of a city’s food supply in order to achieve improved food
security, then they must make urban food production a key part of city
planning. This includes supportive policies, land designation, and the
provision of infrastructure and services (i.e., irrigation, waste management,
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compost, markets, and storage), advisory help, and educating children about
urban agriculture.

Urban Food Production without Soil
The common denominator between hydroponics, aeroponics, and
aquaponics, is that food can be grown efficiently using nutrient-rich water
instead of soil. These production systems are well suited to growing
vegetable greens, vine crops such as tomatoes, cucumbers, peppers, squash,
courgettes, and green herbs.1325,1326
Hydroponics utilizes a small fraction of the water resources used in
conventional land-based methods, while bathing plant roots in nutrient-rich
solutions.1327,1328 Aeroponics on the other hand utilizes misting systems to
deliver nutrients directly to plant roots, and thus drastically reduces resource
inputs.1329
Aquaponics couples freshwater aquaculture with hydroponics to produce
fish (e.g., tilapia, carp), as well as fruit, vegetables, and herbs. Plant roots
suspended in flat tanks or in racks of horizontal PVC-tubes that can be
stacked vertically filter the nutrient-rich fish wastewater.1330,1331
Hydro-aero-aqua-ponics are important technologies for commercial and
private urban food production, and can be deployed indoors, on rooftops,
and in greenhouse settings, and on different production scales from small to
commercial. 1332, 1333,1334 While expensive and knowledge-intensive during
setup, once operational food production is cheaper than by conventional
farming methods.1335
These systems eliminate the need for fertile land, utilize a fraction of space
compared with traditional food production, and can be stacked vertically
using various methods. They permit year-round food production, resulting
in increased crop yields.1336,1337 All of the above qualities make hydro-aeroaqua-ponic systems among the most promising technologies for sustainable
urban food production.
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These systems can be made more sustainable by integrating them into
energy efficient buildings, and employing renewable energy systems for
lighting, water pumps, and water and air heating. Recovering energy from
biomass (i.e., gas) or converting that biomass to body mass by feeding it to
poultry or goats will help make these systems fully sustainable. 1338
Rainwater harvesting and recycling water and nutrients will improve the
sustainability of hydro-aero-aqua-ponic systems.

Emergency Food Production Systems
How will our climate-dependent agricultural system cope with a climate
switch, prolonged and extreme drought, a rapid climate change event, or
worsening extreme weather events? How will we cope with a climateforcing volcanic eruption (VEI 7) wiping out half a continent’s agriculture,
while blocking out the sun and sharply cooling the planet for a couple of
years to a decade afterwards?
The limited risk assessment contained in IPCC Articles 1 and 2 means our
governments don’t have a publicly available plan for the above agriculturedisabling climate risk scenarios.

Climate- and Sunlight-Independent Indoor Farming
Large-scale greenhouses are already a well-developed means for creating a
fresh supply of urban food. These highly automated, controlled environment
agriculture systems are well suited for intensive food production in periurban locations. The integration of large-scale greenhouses with renewable
energy systems will help control operational costs and improve the
profitability of commercial greenhouses.1339,1340,1341,1342
Commercial indoor and vertical farming operations are sprouting up around
the world and operating 24/7, growing a wide range of crops like fruits,
vegetables, and herbs. 1343 , 1344 Indoor farms utilize optimized modular
hydroponics and aeroponics food production systems, which control the
main plant-growing conditions (i.e., temperature, light, nutrients, carbon
dioxide) and permit automation and system monitoring. These production
units are stacked vertically inside high-rise and purpose-built buildings.1345
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In order to improve the economic viability of indoor farming, it will need to
be employed on a very large scale, while utilizing or adapting existing
greenhouse-controlled environment and automation technologies and
systems.1346,1347
Indoor farms (and greenhouses) have high operating costs, particularly as
regards the supply of energy. They can be made more sustainable and
profitable by housing them in energy efficient buildings and integrating
them with renewable energy systems such as solar and wind, groundcoupled heat exchangers, and biomass energy recovery, as well as using
renewable energy desalination systems for their water supply.
Indoor vertical farms can be located in and around cities, in the desert, on
wasteland, in proximity to renewable sources of energy, and close to water.
They can also be located close to where the food grown is consumed,
ensuring high quality food supply while limiting transportation costs and
reducing food waste.
Wealthier Middle Eastern and industrialized nations, countries rich in
renewable energy resources, and large cities could all benefit from this type
of climate-independent farming. It would provide decentralized food supply,
emergency food supply, as well as improving overall food security. This
type of farming, coupled with physical food reserves, could be used to
provide the means of weathering a major food crisis.

Emergency Human Food Supply and Single Cell Proteins
Single-cell proteins are produced by an array of microorganisms, and have
been used as protein supplements in human foods and animal feeds for
decades.1348,1349 Products for human consumption include the old standby
brewer’s yeast and commercial brands like Pruteen, Torula, and the
Quorn™ range of products.
Manufacturing processes for single-cell proteins use biomass and
petrochemicals as starting ingredients. Production yields, orders of
magnitude greater than for plant proteins, are rapidly achieved. This makes
single-cell proteins highly suitable as emergency food.
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Various microorganisms, including yeast, fungi, bacteria, and algae, have
been used to produce single-cell proteins. These microorganisms can utilize
a variety of starting materials like agroforestry and industrial waste, fossil
fuels, and alcohols, to make food.1350
Single-cell protein food results in high quantities of uric acid in the blood,
which is not good for human health in the long term because it usually
causes gout. This medical risk has limited the use of single-cell protein in
human foods. As emergency food on a short-term basis, this is probably less
of an issue.
The relatively high cost associated with single-cell protein production has
had an impact on the broader use of single-cell proteins in animal feeds.
Grains and soya supply most animal feed protein at a fraction of the cost.
Single-cell proteins could be repositioned as sunlight- and climateindependent food for complementing emergency food stockpiles, or even as
a partial replacement for current food stockpiles. Regulating the animal feed
industry for a period of time (i.e., this grand solar minimum), while
supporting the single-cell protein production industry financially, would
help ensure that an economically viable industrial capacity for emergency
food production is developed ahead of a climate or food supply crisis. This
animal feed capacity could then be borrowed for emergency human
production in times of food crisis.
Regulating the animal feed industry could ensure minimum quantities of
single cell proteins were used in animal feeds, in lieu of irrigated crop and
fishmeal resources. Financial support for the single-cell protein industry
could be justified on the basis of investing in a “just-in-time” food stockpile
production capability.
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Chapter 12
Living Sustainably at Home in
Cold Climates and Climate Extremes
What will it mean to live sustainably at home during a switch to a colder
climate with extremes of precipitation (drought, rainfall, snow)? How can
we mitigate energy, food, and water supply risks during a climate or food
crisis, in the knowledge that governments will restrict trade and corporate
suppliers will seek to profit even more when resource supply tightens?
In Chapter 8, the principles for living sustainably were reviewed. In essence,
this review highlighted that we must strive to use all energy, water, and food
resources (as well as other resources) sparingly and efficiently. We must
also maximize residual resource and energy recovery before generating a
minimized amount of waste and pollution. Living sustainably should
permeate our way of life in everything that we do at home, work, and when
we travel.
Decentralized sustainable living promotes a level of self-sufficiency for
supplying your own renewable energy, water, and food—at home. That way
you will have solutions at the ready in a time of crisis. This will help you
manage the risks associated with a tightening of resource supply by
corporate suppliers and by trade-restricting governments, and help you
avoid becoming a victim to hyper-price inflation. Decentralized sustainable
living places you in control of your and your family’s fate, and reduces your
vulnerability to climate-related risk.
A sense of urgency is required to prepare for a climate switch and its
associated risks, and to begin living sustainably. We’re more vulnerable to
climate switching and its associated risks, (i.e., cold climate, extremes of
precipitation, pandemic flu) because we’ve depleted our oil, gas, and water
reserves more than is generally realized. This resource depletion will impact
energy access, food supply and prices, and water access. This is not a
transitory situation we face, but the future long-term reality for our species.
The Holocene Climate Optimum and, therefore, the start of the current ice
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age are already 8–10.5 millennia behind us. When the climate switches or a
climate-forcing volcanic eruption occurs—welcome to our Ice Age return.
To that end, this chapter reviews best practice principles for building or
retrofitting your home in order to reduce your energy needs, operate your
home energy-efficiently, and power it using renewable energy. Practical
advice is given on how to minimize water use in the home while efficiently
using, re-using, and harvesting water, and recharging groundwater.
Also reviewed are best practice methods concerning how to grow climateadapted food at home using a variety of urban and climate-adapted methods,
while ensuring you have food stockpiled, a seed bank, and food growing
systems ready to go.

Efficient Renewable Energy Use At Home
Residential use of electricity consumes 30 percent of electricity supplied
globally.1351 This makes house design for new buildings and the retrofitting
of existing homes pivotal to living sustainably. The home design principles
for living sustainably include reducing your energy needs at home,
improving efficiency, and installing renewable energy and water heating
systems to supply your needs.1352,1353

House Design Principals for Minimizing Energy Use
For new buildings, in order to optimize the natural energy gained during the
day, the house should be oriented to maximize the sun’s free heat for as
much of the daylight hours as possible. Thus, in the Northern Hemisphere
houses should be south facing, while in the Southern Hemisphere houses
should be north facing. This orientation will also be optimal for solar
photovoltaic and solar water heating systems.
Existing homes will pose challenges for ensuring natural energy gains are
maximized while minimizing energy losses. A home energy audit can help
you understand where your home is losing energy, what structural changes
you can take to improve it, and what renewable energy systems you can
install.
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Consider the following energy-saving and efficiency principles, including
home remodeling, before installing a renewable energy system.1354,1355 You
can apply the principles as best you can to your existing house design and
budget, either by having professionals do it for you, or by doing it yourself.
Ensure your house has an airtight seal and utilizes maximum quantities of
insulation in the walls, roof, and floor (but see the ventilation caution
below). This will minimize heat losses during cold weather and keep the
house naturally cool during the summer. Seal and weather-strip all cracks,
joints, and large openings to the outside. Insulated cover boxes can be used
for attics and non-utilized fireplace entrances.
An “airtight” seal should not compromise adequate house ventilation, to
ensure healthy air quality. A heat recovery ventilation system will be
required to eliminate the risk of poor air quality with an airtight house seal.
Of course, if you don’t have the budget for a heat recovery ventilation
system, then seal the house but permit some natural ventilation that can be
mechanically controlled during extreme cold.
Further minimization of heat loss can be achieved by installing doubleglazed windows, low-emissivity coating windows (which reflect heat back
inside), or storm windows. Outside window shutters can also be installed,
providing a cover over the window space to completely close it off in
extremely cold weather. The use of a vestibule inside the main doorways
(i.e., double doors) will minimize heat loss as well.
Two types of heat-exchange systems, ground-source1356 and air-source,1357
can be utilized to efficiently heat and cool your house. A ground-source or
geothermal heat pump and exchange system is used to move heat energy
below the frost line, or about two meters below the earth’s surface, where
the ground temperature is ambient and constant all year round. During the
winter and on cool nights the house is heated, and during the summer and in
the daytime the house is cooled.
If your home remodeling budget is limited, you can consider making one
room in the house or basement very warm and energy efficient for
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emergency use. This way you have a solution for keeping warm during a
climate and/or energy crisis. Other emergency options are discussed below.

Renewable Energy Electricity and Water Heating
Once steps have been taken to minimize the house’s energy requirements,
then consideration should be given to renewable energy system(s) that can
be used to meet your electricity and heating needs.
Rooftop solar photovoltaic (PV) systems are the most common renewable
energy systems used for providing home electricity. Solar PV systems are
usually connected to the local electricity grid, thereby ensuring a reliable
and continuous supply of electricity during sunlight and non-sunlight hours.
Energy generated above your immediate needs is transferred back to the
electricity grid, paying all or part of your monthly electricity bill. Install
more electricity generating capacity than you think you will need, or ensure
you can increase the system capacity in the future.
Solar PV with a battery storage system can be installed if your budget and
space permits. Ensure your system can be upgraded to include a battery
storage system, if it is not installed upfront. A battery storage system will
allow you to be grid-independent 24/7, including during blackouts or in an
energy crisis when electricity prices will rise.
Battery storage also allows you to take advantage of variable grid pricing
tariffs, and use stored energy during peak electricity times when electricity
prices are higher, such as in the evening and morning when electricity
demand rises.
Don’t forget that there are other sources of renewable energy for your home,
depending on where you live and your budget. If wind resources are
available in your location, a small wind electric system1358 or hybrid solarwind electric system1359 become options. If you have a river or large stream
running through your land, then a microhydroelectric power system 1360
becomes an option.
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Hybrid systems will protect your electricity supply during variable weather
and across different seasons. For example, during the summer there is more
sun, which is ideal for solar PV, whereas during the winter there is generally
more wind and rain (i.e., increased river flow) and less sunlight. Hybrid
systems with a battery storage system better enable you to go off-grid
without experiencing power outages. Likewise, in the event of a climateforcing volcanic eruption that blocks out much of the sun’s light, wind and
microhydroelectric power will give you electricity-generating options, as
solar PV would be limited.
Alternative home sources of energy have been with us for centuries, so keep
these in mind for emergencies. The Handbook of Homemade Power1361 is a
gem for learning more about do-it-yourself solar heated house designs,
homemade electricity generation, solar water heaters, parabolic solar
cookers and ovens (for outside use), homemade biogas production, and
ramjet pumps for pumping water up small heights without electricity. This is
the do-it-yourself book for those with a small budget and good practical
skills.
If you have spare land, then plant plenty of trees for future firewood. You
may never need or use that firewood, but others might need it at some point
in the future.
Water heating can account for about one-quarter of your electricity usage, so
it makes good sense to install a rooftop solar hot water heating system to
supply this energy need. These systems include solar heat collectors with a
well-insulated storage tank, and can be active or passive systems. The
system you install will depend on, first, whether the temperature in your
area falls below zero degrees Celsius; second, on your budget; and third on
the available space.1362 Other options exist, including air and ground heat
pump water heaters.1363
A hot water backup system is useful in conjunction with a solar hot water
heating system for high demand times and for cloudy days. You can also
lower the thermostat on your water tank, reducing your standby heat loss.
Insulating your hot water tank and pipes will improve hot water heating
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efficiency. Insulating the hot water pipes also means heated water is
available instantly, saving you from having to pour precious water down the
drain.
Heat recovery from wastewater or effluent water can be achieved by using
drain-water heat exchangers. These heat exchange systems can be used with
showers, bathtubs, sinks, dishwashers, and clothes washers. This heat can be
stored for later use.1364

Energy Efficiency at Home
The majority of electricity in the home is used for heating and cooling,
lighting, water heating, and running high-energy appliances like washers
and dryers, dishwashers, refrigerators and freezers, and televisions.1365,1366
A house utilizing the latest energy-efficient electrical appliances and heating
systems uses less energy than a house utilizing old, low-efficiency electrical
items. However, a house equipped with energy-efficient technologies will
fail to achieve its potential energy performance and savings if you ignore
how and when to use electricity.
Paying close attention to temperature settings and timings used for space
heating and hot water saves energy. Upgrading heating and cooling systems
to more energy efficient systems will also save energy.
If you don’t live in a very cold region, do you need to use a home heating
system when just putting on warmer clothes will keep you warm? Should
windows or doors be open when the heat is on? Do you need to heat the
entire house if only one or two people are at home?
Changing conventional light bulbs to low-energy, light-emitting diodes is an
obvious energy-saving measure. Likewise, turning lights off in rooms not in
use, or installing movement sensors to do it for you automatically, will save
electricity.
Consider if the fridge needs to be so cold. Do you need a hot wash for the
washing machine? Filling up the dishwasher and washing machine fully
before putting it on saves electricity and water. Why not dry your clothes
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outside using sunlight and fresh air rather than an electric dryer? All these
things can save energy and money.

Sustainable Water Use at Home
Why is it that a California urbanite uses significantly more water per day
than an Aussie urbanite? 1367 It’s about changing water use through
reeducation, paying the full cost for water, and implementing policies that
induce water conservation and efficient use.
What we need to remember is that most of our homes are located in water
basins with depleted groundwater resources, and that water is piped into our
homes at great cost. On top of that, most water immediately goes straight
down the drain after we open the tap.
Water conservation, and the efficient use and re-use of water, remain the
most important ways of saving water supplies.1368
Reducing the flow rate of water from house taps and showerheads will mean
less water is used, and less wasted hot water will go down the drain. Replace
tap fittings and showerheads with water-efficient fittings that have flow
restrictors, aerators and pressure-limiting valves.1369 If you can’t afford these
fittings, then do it the old-fashioned way by only partially opening taps to
reduce the flow rate.
Every time we take a shower, wash the dishes, do the laundry, use sink taps,
or use water frivolously, most of that water becomes wastewater, commonly
referred to as greywater. Greywater accounts for more than two-thirds of
household wastewater.
With the right technology (i.e., filtration, drain water heat exchanger),1370
suitable house and garden plumbing, and municipal permission, we can reuse this grey water to flush the toilet, supply an underground irrigation
system, and recharge groundwater. 1371 Utilizing greywater for garden
irrigation will amount to substantial water reuse, and will save a lot of
precious fresh water.1372 However, in many developed nations it is likely
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that municipal regulations and permission processes will need to change to
accommodate more home greywater use.
We can also use smart, low-pressure, targeted irrigation systems (i.e., avoid
sprinklers), and irrigate early in the morning or evening. Choosing the right
garden plants adapted to the climate (i.e., native plants), covering the ground
with mulch to reduce evaporation, and ensuring proper lawn care (i.e., not
cutting too short or too frequently) will also save on water use for
irrigation.1373
Have you fixed those leaky pipes yet? Remember, one drop of water
leakage per second wastes 27 liters per day, or 10,200 liters per year. That’s
a lot of water!1374
If you live in a drought-prone area, you might wish to consider your
emergency water supplies. A large water storage tank for potable water will
provide drinking water during a severe drought. If you live near the coast,
you might also consider having or making a solar still for purifying brackish
water or seawater.1375,1376,1377,1378

Growing Food at Home in Climate Extremes
In today’s world, if a global food crisis were to occur, we would face a
major vulnerability in managing our food supply because of our high degree
of urbanization and our reliance on purchased food sourced from many
countries around the world. By working for a salary and then buying all or
almost all of their food, many people have forgotten how to grow and store
food at home so that it is available during the dry and cold months.
I lived in a poor indigenous community in Guatemala for nearly five and
one-half years, and I marvelled at how these impoverished people survived
with little or no money. Their youth have basic survival skills that most
developed nations’ kids (and adults) don’t have. They know how and when
to grow food, and how the weather and seasons impact food production, and
they understand the value of planting trees.
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When I look to a future that will be marked by climate and food crises, one
Biblical saying stands out above all, “Blessed are the meek, for they shall
inherit the earth.” It is the poor, indigenous people, and those connected
more with the land and less with the dollar who are the meek, for they still
know how to grow food. Knowing how to grow food is an invaluable skill,
and it’s very rewarding.
If you mock this point of view, then be reminded that during severe famines
of the Little Ice Age cannibalism was an innate quality of people and in
communities all around the world. This served to feed the survivors and
depopulate communities.1379,1380,1381,1382,1383,1384,1385
This chapter therefore reviews methods for growing food at home during
climate and weather extremes, and is aimed at helping you discover bestpractice methods for regaining or developing the ability to grow food, and
giving you semi-independence from the global food supply system.

Growing Winter- and Cold-Adapted Vegetables
For summer crops, the most important thing that we can do to grow food in
colder climates is to select food types and varieties that will mature within
the available frost-free period for a particular region.
The best bet for a homegrown staple crop in cold climates is the trusty
potato. Potatoes can be planted directly after seeding, and are hard to beat
when it comes to yields and energy content. If you grow them in costales,
bags, or containers, you can carry them indoors at night if it’s really cold
outside. In times of a food crisis this will also ensure your crop is not stolen
in the night by the starving.
Turnips, parsnips, and carrots are definitely worth considering, especially in
light of their energy content. These vegetables grow well in colder climates,
and even in below freezing temperatures. The cold autumn and early winter
temperatures actually help them sweeten, because the increased sugar
content the cold induces makes them less prone to freezing, i.e., plant sugars
are a natural antifreeze.
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Cold-adapted maize, climbing beans, and winter pumpkins (squash) make
for a three sisters garden, typical of North America, providing cold-tolerant
crops with a natural resilience to climate risk. Collards (cabbage, broccoli,
and kale), spinach, leeks, asparagus, brussel sprouts, and radishes are well
adapted to cold weather, and some varieties are able to survive varying
degrees of frost.
Hardy and resilient winter crops like potatoes, beets, carrots, cabbage, and
onions have all proved well suited to the cold winter climate of Russia and
Siberia, so keep these vegetable staples in mind for a colder climate.
These hardy vegetables can be planted four to six weeks prior to local frostfree dates, or can be grown through the autumn into the winter, depending
upon the crop. Look online for growing information specific to your
particular region, and pay attention to what the seed packets tell you.

Cold Climate Greenhouse Design Principles
Greenhouses are a cost-effective way of extending the growing season and
growing food all year round. Winter greenhouses are a specialized form of
greenhouse used to start seedlings in the late winter and early spring, and for
growing food during the winter.
Winter greenhouses are designed to capture as much light and heat from the
sun during the daytime as possible, storing heat during the day, and
radiating stored heat at nighttime. Greenhouses are best oriented in an eastwest direction, with the longer, glazed side facing south if you live in the
Northern Hemisphere, or facing north if you live in the Southern
Hemisphere. This maximizes the amount of sunlight entering the
greenhouse during the shorter days of winter, thus maximizing heat gain.
The back wall on the surface of the greenhouse, or the wall opposite the
main face of entry for sunlight, is best left unglazed, and can be made of a
heat-absorbing material such as rocks, concrete, or mud. The back wall can
also be insulated and conjoined with your house, a garden building, or a
wall.
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Maximum solar heat gain is achieved when the glazing is nearly
perpendicular to the angle at which the sun’s light enters on the winter
solstice, and when the greenhouse’s length-to-width ratio is at least two to
one. A double-door vestibule at each end is ideal to prevent heat loss during
entry and exit.
Heat storage can be utilized using black-colored 55-gallon drums filled with
water and placed along the back wall. When the air temperature drops in the
evening, the stored heat is then radiated back out into the greenhouse, thus
helping keep the inside warmer for longer.
The smart money for winter greenhouse design also utilizes a geothermal
heat pump coupled with a heat exchange system to reduce cold weather
heating costs. This could utilize the same system as your house, or have its
own dedicated system. Specially designed greenhouse heat exchangers are
called air-to-soil heat exchange systems, earth-air tunnel systems, or ground
tube heat exchangers. The cold interior greenhouse air is slowly pumped
underground through large-diameter tubes where the air is warmed, and then
circulated back into the greenhouse to impart its warmth.
Winter greenhouses can also be covered at night with insulating blankets,
rigid foam sheets, or plastic sheets, to reduce heat loss and keep plants a few
degrees warmer than outside. Renewable energy sources like electric
heaters, biogas burners, or wood pellet biomass heaters can also be used to
warm the greenhouse interior.
Another cold climate design option is an underground greenhouse, or
walipini. This is dug six feet or more into the ground, where the average
ambient earth temperature remains constant throughout the year, and is
much warmer than the ground surface temperature. Underground
greenhouses utilize a heat exchange with the earth on five of its surfaces,
whereas with a conventional greenhouse heat exchange happens only at
ground level.
During the day, the walls and floor of an underground greenhouse absorb
heat, acting like a heat storage battery, with the aforementioned five
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surfaces providing radiant heat during the night to warm your food crop.
You can also place an insulating cover over the roof at night to reduce heat
loss.
These greenhouse design principles have been used by Siberian, Russian,
and Canadian farmers and others who must endure cold winter and spring
climates. Their methods are well proven for growing winter food.

Growing Food in Colder Climates
This section reviews various means for reducing frost damage and
winterkill. It also adds to the previous discussion on greenhouses.
In the Northern Hemisphere, land with a southern-facing aspect is the best
choice for early crops, as south-facing slopes warm up earlier in the spring
and gain more solar energy. A higher elevation site is much better than lowlying land, because it warms up quicker. Low-lying areas and valleys tend to
be more frost prone because cold air pools there, and so should only be
planted after the frost-free date.
In the spring, you can start vegetable seeds indoors, in a greenhouse, or
under a cold frame, or by planting them directly into black plastic or organic
mulch. Plastic mulch helps warm the soil and keeps it warm longer. Raised
growing beds will also help warm up the soil quicker, and these too can be
covered with black plastic.
Where crops are planted early in the spring, in order to minimize frost or
freeze risk, there needs to be a mix of crop types and sowing dates (different
maturities). In that way, only a portion of a crop is susceptible to frost at any
one time.
Choosing later-flowering crops (to avoid late frosts) can be a double-edged
sword, and result in lower yields if your area is drought prone. It is therefore
important to know the expected flowering and harvesting dates for each
crop relative to your local growing season’s climate, and plant accordingly.
Winter vegetables need to be planted by late summer so a root system can
be developed before the autumn frosts and cold weather. Plants can be
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

175

hardened to withstand frost by exposing the seedlings to varying
temperatures and conditions.
Watered plants are more frost resistant; watering improves the conduction of
heat stored in the ground. Likewise, application of proper amounts of
nutrients can also help maintain plant vigor in cold conditions.
Gardeners and food growers throughout the centuries have learned to use
available materials to produce crops earlier in the spring, maintain
production well into the fall, and harvest crops throughout the winter. The
key is to insulate the crop from the cold as much as possible with your
available resources.
A variety of structures are used to extend growing seasons in the spring and
autumn, by protecting the crops from frost and extremes of cold. These
include low and high tunnels, cold frames, floating row covers, and frost
blankets, or covering plants with organic mulch (leaves, straw, bark, etc.).
You can even place buckets or big containers over your plants to protect
them at night. These structures and covers give plants a few extra degrees of
frost and cold protection.

Growing Food during Drought
The only sure method to prevent fruit and vegetable crops from being
drought-stressed is to use irrigation and to select crops that are more
drought-tolerant. A crop that needs fewer days to mature needs fewer days
of irrigation before harvest.
If you own peri-urban land, then drought-tolerant cover crops can be used.
Drought-tolerant cover crops provide food and help to manage soil fertility
(i.e., fix nitrogen) and soil quality (release nutrients, provide organic
biomass), and reduce surface water loss. The more drought-tolerant cover
crops include legumes that can fix nitrogen (i.e., pigeon pea, cowpea, peas,
beans), or non-legume cover crops like cereals (i.e., millets, sorghum, rye,
and wheat).1386 For garden use, planting short-cycle crops like potatoes,
sweet potatoes, and drought-tolerant maize and pulses (i.e., pigeon pea,
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cowpea) will provide you with high energy-yielding food. Other short-cycle
crops include leafy greens, tomatoes, cucumbers, and peppers.
There are things that can be done to reduce the risk of drought stress. For
example, you can start plants off in a greenhouse. Earlier planting helps
avoid late summer drought. When transplanting seedlings, ensure they are
planted into deep beds with a good quantity of organic material mixed in.
This permits their roots to grow quickly down to where the water is stored
before the drought season begins.
Covering the soil surface with plastic or organic mulch can be used to
conserve soil moisture and reduce weed growth. Using mulch cover
increases the interval between irrigations during the dry season. Weed
control is very important, in that it reduces competition for water and
nutrients. If you are using raised beds, you can line these with perforated
black plastic to better retain water and reduce irrigation requirements.
If you live in a drought-prone area, then harvest rainwater at every
opportunity and use house greywater for irrigation.

Growing Food during High Rainfall
If your home is in a flood-prone area, there are things you can do to make
growing food easier. Three main options are considered here. These are
improving soil drainage, covering your food crops, and the use of vertical
gardens. If you can’t beat the rain, then join it by raising fish (aquaculture)
and coupling this with hydroponics to create an aquaponics system (see
Chapter 11).
If you wish to avoid rain or flooding, then greenhouses, hoop houses, and
covered beds, with suitable ground drainage, are your best bets. Raised beds
are useful for managing flood-prone gardens that lack covering.
A number of things can be done to improve soil drainage. You can increase
the soil’s organic matter content using compost, bark, leaves, or use sand
and gravel. You can also dig to twice the normal depth when preparing
ground, to improve the drainage of compacted soils that drain poorly.
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

177

If your garden is constantly waterlogged, then small canals, underground
drainage tubes, and drainage trenches can be used to drain the water away.
Land space permitting, floodwater or excess rainfall can also be diverted to
a pond, reservoir, or swale. Minimizing concrete and other impermeable
surfaces will limit runoff in your garden and improve drainage.
Vertical gardens are a simple and cheap way to adapt to climate change.
Vertical gardens keep plants out of the water during flooding and excessive
rainfall. This type of gardening is ideal for wherever space may be limited
or unsuitable for ground-based food production.
Vertical gardening is suitable for growing vegetables, fruits, herbs, and
other crops, giving you more food production per square meter of ground
than normal food growing. Containers can be made from large costales
(nylon sacks), plastic or metal drums, or wooden, wire, or bamboo frames.
Alternatively, you can make vertical structures to plant your crops in. Check
out Pinterest for ideas. 1387 Soil is pre-mixed with organic material (i.e.,
leaves, compost, old crops, etc.), and a variety of manures, and you can add
some worms for releasing nutrients, aerating soil, and improving drainage.
Long-rooted vegetables such as potatoes can be grown on top of large
vertical containers. Small holes can be cut into the sides of these vertical
containers where short-rooted vegetables can grow. So far, I’ve managed to
grow potatoes, sweet potatoes, pumpkin, watermelon, beans, small stature
maize, tomatoes, onions, garlic, carrots, cauliflower, broccoli, herbs, sweet
peppers, spinach, chards, and strawberries in vertical gardens.
Raising fish in ponds also makes sense, if stream flow or water is plentiful
and you have the space. Hydroponics can also be used to grow food indoors
and outdoors using wall surfaces (see Chapter 11).

Preparation for a Food or Climate Crisis
In an ideal world, to be able to survive a global food crisis during a high-risk
period, each household should have a three-month stockpile of food at
home. Such foods could include sacks of rice, barley, dried maize, beans,
peas, oats, grains, dried fruit, tinned foods, milk powder, etc. You can create
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a system whereby you replace this stockpile on a rolling basis to ensure food
does not spoil.
As part of your preparation for a climate switch and living sustainably at
home, you should have a plan for growing food. Ideally, you should have
the growing systems already in place and ready to go. Teach your children
this more self-sufficient way of obtaining food, just as rural people in
developing nations do with their children.
Practice using the different growing methods described above, and growing
and storing food like potatoes, beans, peas, maize, pumpkins, and gourds.
Practice growing crops (see below) and then harvesting and replanting their
seeds. Practice growing food in costales, especially potatoes. In a climate
crisis or a freezing northern summer you can then take your food indoors
and keep it safe at night.
Keep a seed bank at home that contains short-cycle and climate-adapted
vegetable seeds, and ensure these seeds yield plants that are not sterile. Keep
seed potatoes at the ready in a dark, dry place, and replace these as required
all year round. Develop a calendar for planting seeds to help organize your
growing seasons.
The following are seeds to consider for your seedbank. (1) Cold-Adapted
Crops. Potatoes, beets, cabbage, onions, turnips, parsnips, carrots, maize,
climbing beans, winter pumpkin (squash), broccoli, kale, spinach, leeks,
asparagus, brussel sprouts, and radishes. (2) Drought-Tolerant Crops.
Millets, rye, drought-tolerant maize, sorghum, rye, wheat, pigeon pea, and
cowpea. (3) Short-Cycle Crops (3-4 months). Potatoes, sweet potatoes, leafy
greens, tomatoes, cucumbers, peppers, and radishes.

What to Do in Response to Climate, Volcanic, Earthquake,
and Pandemic Flu Emergencies
Use Google Translate Web to translate hyperlinked emergency-related
website pages into more than 100 languages (hyperlink).1388
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In New Zealand our government via the Ministry of Civil Defence and
Emergency Management provides excellent information and plans on
preparing for extreme weather events (i.e., storms, floods, tsunamis,
landslides) and volcanic and earthquake emergencies (hyperlink).1389 Please
click on the following hyperlinks for important information on a
“Household Emergency Plan” (hyperlink), 1390 “How to Get Ready”
(hyperlink), 1391 and “Emergency Survival Items and Getaway Kit”
(hyperlink).1392
The US government also has one of the best public emergency information
websites covering almost every natural disaster, and gives great practical
advice and links to information and plans for cold-snow, drought, flooding,
storms-hurricanes, and volcanic and earthquake events, etc. (hyperlink,
hyperlink).1393
If you live in a volcanic region, a gas mask could be a wise investment.
Information on volcanic ash impacts, and what to do in the event of a
volcanic eruption, can be found at one of the following websites: The New
Zealand Crown Research Institute (hyperlink); Auckland Engineering
Lifelines Project (hyperlink); the US Government’s Volcanic Ash Impacts
& Mitigation website (hyperlink); and the International Volcanic Health
Hazard Network (hyperlink).
Important emergency information pertaining to the heightened risks for a
pandemic flu outbreak and the vaccine debacle that’s basically just waiting
to happen during this grand solar minimum are detailed in the next chapter.
For a pandemic flu emergency plan, your first port of call should be WHO’s
Public Health Preparedness website, 1394 which is a must for pandemicrelated information. This site will provide you with the current global
situation and planning information for government and municipal levels of
disease control.
Likewise, the US government’s Centers for Disease Control and Prevention
website and the US Government’s Ready website (hyperlink),1395 and New
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Zealand Government websites for pandemic flu preparedness (hyperlink)
are useful sources of public information.1396
What are you going to do if there is a sudden freeze and deterioration in the
overall weather and the power goes out? The US Government has a great
website for helping you understand your best options (hyperlink). 1397 A
sudden freeze is when having a special warm room in the house will be
especially useful. Make sure everyone has thermal clothing and warm hats,
gloves, socks, shoes, and sub-zero temperature-rated sleeping bags.
Have water filters, a water-purification system, and a means for treating
water at hand. Remember too that homemade water stills can be cheaply
made to purify dirty water (i.e., greywater or water from streams and
ponds), and for desalinating sea water if you live on the coast.1398,1399,1400,1401
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Chapter 13

Revolution in a Bucket List

This book is titled Revolution(RE) and it is meant to serve as an information
bomb that will shatter your illusions about climate change before the climate
switch occurs. Revolution(RE) reviews the catastrophic climate-related risks
that lie on the horizon, and provides best practice solutions to help you
mitigate these risks.
This book calls for four peaceful and cooperative revolutions to bring about
change before it’s too late: (1) a scientific revolution that allows us to
clearly perceive the natural climate change risks; (2) a renewable energy
revolution that will help us avoid the coming energy crisis; (3) a pandemic
flu vaccine revolution, linked to pre-pandemic immunization, that will
prevent tens of millions of needless deaths in a pandemic outbreak; (4) a
voting revolution that elects leaders who will help us to prepare for a
climate switch and its associated risks, and who will undertake sustainable
development and projects facilitating a switch to renewable energy on our
behalf.
The book’s title is also a reminder of what happens when governments get it
wrong and people starve and die en masse, just because nature and the best
science were ignored.
Besides preparing your home, family, and community for living sustainably
during a climate switch and its associated catastrophes—what can you do?
You have voting power. “Forewarned is forearmed.”
You have the ability to vote into power leaders who will take charge of
preparing your country, city, and community for a very different world than
is currently envisaged and that definitely lies ahead.
This chapter, and Section 3 overall, give you the essential, practical things
we all can do to move toward living sustainably, and to switch the world’s
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energy system to renewables. It’s a bucket list of things we need to
accomplish—before we die.
If your leaders are not talking about these issues at election time, then don’t
vote for them. Find someone to vote for who will get these jobs done for
your community and your nation.
And if you want to know what’s really going on with the temperature,
instead of being manipulated by the media every time there’s a hot week or
an out of control fire started by arsonists—then look at the temperature
data. 1402 The previously cited climate data is provided by the UK
government without fearmongering or hype, and gives you the global,
northern and southern hemisphere, and tropical temperatures—and yes, the
temperature is already in decline (from 2016).

A Bucket List of Jobs Your Elected Leaders Need to Get
Done
What follows is a condensation of all of the best practice ideas from Section
3 organized into a bucket list—the things we must do to switch over energy
systems to renewables, to live sustainably, and to prepare for the world that
the youth of today will inherit.
What it means to live sustainably: that we use all energy, water, food, and
other resources sparingly, efficiently and equitably, maximizing residual
resource and energy recovery, while generating a minimal amount of waste
and pollution. This philosophy should permeate everything we do at home,
at work, and when we travel, and be the norm for our urban, rural, and
national ways of life.
Financing. Implement a global carbon tax priced at a minimum of $30 per
ton. Deploy more renewable energy feed-in-tariffs (i.e., premium-priced
electricity supply contracts) to incentivize the installation of more renewable
energy capacity. Partially redirect fuel subsidies to help the poor gain access
to affordable renewable energy systems. Change pension fund regulations to
better enable pension funds to invest in renewable energy infrastructure and
sustainable community development projects (promote public-private
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partnerships). Accelerate the Paris Agreement’s $100 billion annual
financing and start project investments. Make adequate funding available for
pre-pandemic flu immunization and, as a matter or urgency, immunize the
willing throughout the world.
Renewable Energy and Energy Efficiencies. Invest in massive quantities of
renewable energy (centralized and decentralized). This will take the form of
more efficient hydropower and pumped-storage hydropower, on/off-shore
wind, solar PV and concentrating solar power, geothermal, and energy from
biomass waste. Install renewable energy heating and ground-source heat
exchange systems wherever possible. Invest in efficient fossil fuel cogeneration and heat recovery systems. Implement massive reforestation
projects (i.e., for energy and groundwater recharge). Technology R&D:
Invest in high-yield (i.e., fusion, fission, and the free energy conceptpromise) and alternative energy systems.
Upgrade the Electric Grid. Install regional super-grids and local smart grids,
massive quantities of high voltage direct current transmission
interconnections, and gigawatt battery storage (i.e., to improve energy
system resilience).
Transportation. Incentivize fuel efficiency and vehicle weight reductions, as
well as biomass-waste derived biofuel and synthetic fuel conversions. Invest
in electric road, rail, and public transportation systems. Avoid biofuels made
from irrigation-dependent crops.
Sustainable Water Supply. Ensure that integrated water resource
management becomes the regional and municipality norm. Establish
transboundary river agreements and full economic pricing of water.
Implement groundwater recharge by reconnecting rivers to floodplains,
increasing artificial recharging of groundwater, and undertaking massive
reforestation projects. Invest in massive quantities of renewable energy
desalination systems and bulk water pipelines. Implement policies and
pricing to ensure agriculture and industry conserve and efficiently use water
resources. Fix the leaky pipes.
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Food supply. Prepare large-scale agriculture for climate switching with
cold- and drought- adapted crops and methods ready to be used in a climate
crisis. Ensure agriculture is sustainable (i.e., reduce yield gaps, reduce
deforestation, minimize chemicals and waste fertilizer). Support smallholder
farmers with sustainable farming methods and access to climate-adapted
seeds. Reduce food waste from field to plate. Decentralize food supply for
towns and cities by implementing urban and peri-urban agriculture. Invest in
urban high-tech indoor farming. Develop sustainable aquaculture (urban and
rural). Support home food production. Promote urban soil-less food
production (i.e., hydroponics, aquaponics, aeroponics).
Emergency food stockpiles and climate-independent food supply. Reassess
food stockpiles. Ensure municipal seed banks are well stocked (no sterile
seeds). Invest in peri-urban industrialized greenhouses, high-tech indoor
urban farming, and bulk-scale single-cell protein manufacture. Invest in
R&D for low-cost, renewable energy LED lighting systems for crop
growing (for both commercial and home use).

A Shortlist for Living Sustainably in Climate Extremes
Municipal and Government Support. Support will be required in urban
planning processes, education, and funding. Bylaw amendments may be
required to enable greywater reuse and permit home and garden
modifications with minimal red tape.
Home design principles. Reduce energy needs by ensuring house airtight
seals and using maximum insulation. Install double-glazed windows, lowemissivity windows, storm windows, and double doors. Install a heat
recovery ventilation system. Have one emergency warm room ready to go
(if you live in northern latitudes and at high altitudes).
Renewable Energy Systems. Install a rooftop solar photovoltaic system, or
other systems depending on your local renewable resources available, such
as a wind electric system, a hybrid solar-wind electric system, or a
microhydroelectric power system. Install a battery storage system or at least
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source heat pumps and exchange systems. Plant plenty of trees in and
around your community. Install solar water heaters, or air and ground heat
pump water heaters. Insulate your water tanks and pipes, and lower the
water tank thermostat. Utilize drain water heat exchangers.
Be Energy Efficient. Learn how and when to use electricity efficiently while
operating your space heating system, hot water, and lighting. Utilize
efficient electrical appliances and heating systems. Use low-energy lightemitting diode light systems. Turn off lights when not in use or install
automated movement sensors. Avoid washing half loads of dishes and
clothes. Use the sun and breeze to dry your clothes.
Water conservation, efficient use and re-use of water. Reduce tap and
showerhead flow rates by using water-efficient fittings with flow restrictors,
aerators, and pressure-limiting valves, or only partially open taps. Utilize
house greywater (after filtration and energy recovery) for in-house use
(toilet), garden irrigation, and groundwater recharge. Avoid sprinklers and
use low-pressure targeted drip irrigation systems, together with mulch and
ground cover. Harvest rainwater, utilize large water storage tank(s), and get
a solar still for purifying dirty water and seawater for severe drought. Fix
your leaky pipes and taps.
Growing Food in Cold Climates. Utilize a winter or underground
greenhouse, maximizing its solar heat gain while storing heat. Utilize a
geothermal heat pump and heat exchange system, or an air-to-soil heat
exchange system in your greenhouse. Use renewable energy heaters, and use
greenhouse covers at night. Utilize cold structures such as low and high
tunnels, cold frames, floating row covers, and frost blankets. Use elevated
land and raised growing beds. Start seedlings indoors, and use local and
climate-adapted seeds (non-sterile). For summer crops, ensure a mix of crop
types, with sowing, flowering, and harvesting dates within the frost-free
period.
Growing Food in Drought. Harvest rainwater. Use house greywater for
irrigation. Cover ground with plastic or organic mulch, and control weeds.
Use efficient low-pressure drip irrigation systems. Start plants off early
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under cover. Use crop types that take fewer days to mature, or short-cycle
crops (see below).
Flood Prone Cropping. Cover your crops with greenhouses or hoop houses,
and use covered beds. Use raised beds, vertical gardens, hydroponics and
aquaponics. Improve soil drainage using sand, organic material, stones,
double-depth digging, and underground drainage tubes.
Seeds to consider for your seedbank: (1) Cold Crop Food. Potatoes, beets,
turnips, parsnips, carrots, maize, climbing beans, winter pumpkin (squash),
cabbage, onions, broccoli, kale, spinach, leeks, asparagus, brussel sprouts,
and radishes. (2) Drought-Tolerant Crops. Millets, rye, sorghum, wheat,
drought-tolerant maize, pigeon pea, and cowpea. (3) Short-Cycle Crops (3-4
months). Potatoes, sweet potatoes, leafy greens, tomatoes, cucumbers, and
peppers.
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Section 4

Key Themes

The Risk of a Pandemic Is High and Bordering on “Red
Alert”

Immunizing the World before a Pandemic Happens Is
Technologically Feasible, and Eliminates the Need to
Stockpile Refrigerated Vaccines

Insure against a Food Crisis with Pre-Pandemic
Immunization
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Chapter 14
The Worst Time to Immunize
a Population Is after Pandemic Influenza
Emerges—but That’s Our Plan
This chapter takes a look at why we are seeing more highly lethal influenzaA virus transmissions from animals to humans, and also looks at the
increased risks for a pandemic flu outbreak after a climate switch (i.e., cold)
during this grand solar minimum.
These increased risks make it a priority to pre-immunize the world’s
population against high-risk, potentially pandemic H7N9 and H5N1
influenza-A viruses. These two influenza-A strains are knocking loudly at
our species’ door; they have killed between 25 percent and 50 percent of
infected humans (the percentage may be even higher).1403,1404,1405,1406,1407 A
highly lethal pandemic flu outbreak could kill between one and three
percent of the world’s population. This was the mortality rate during the
1918–1919 Spanish flu pandemic.1408
For all diseases that can be prevented by vaccination, it is both absolutely
imperative and the norm to immunize people before a disease
emerges. 1409,1410,1411 However, under the existing paradigm of pandemic
influenza immunization and supply, governments and WHO wait until a
pandemic emerges before calling for the manufacture of a pandemic flu
vaccine to immunize the population. Under this paradigm, sufficient
quantities of vaccine cannot be manufactured quickly enough 1412, 1413 to
protect the world’s population before the peak of a pandemic’s mortality is
reached.1414
Since the 2009 swine flu pandemic, vaccine technology advances offering
immunological protection against ongoing viral mutation have made it
possible to immunize people ahead of the outbreak of a pandemic (i.e., prepandemic immunization).1415 An upgraded flu vaccine technology would
permit a broader immunity against emerging pandemic flu strain mutants,
and enable us to better protect the population before the outbreak of a
pandemic.1416,1417,1418,1419,1420,1421,1422,1423,1424 Why haven’t we upgraded the flu
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vaccine technology and implemented pre-pandemic immunization? Read on
to find out.
Developing nations produce a significant share of the world’s food. Look at
the top five grain exporters in the following citation and you will see the
importance of developing nations to grain supply and global food
security. 1425 Developing nations will be hit hardest by vaccine supply
inequities, because their people will not be immunized in time under the
current plan for supplying pandemic flu vaccine.1426,1427,1428 People living in
developed nations will be hard pressed as well, unless their governments
have stockpiled sufficient quantities of a pre-pandemic flu vaccine
(unlikely).
There is clearly a need for change, what I term a pandemic flu vaccine
revolution. With a pandemic flu vaccine revolution our governments can
ensure we are protected, and our fragile global economy and the global food
supply are insured against the pandemic flu threat. Pre-pandemic
immunization makes good sense before a climate switch and the increased
pandemic flu risks it portends.

Why Are More Animal-to-Human Influenza-A Viral
Transmissions Occurring?
Why have more animal-to-human influenza-A viral transmissions been
occurring since 1997? Is this just because of improved influenza-A viral
surveillance and detection, or does it represent a genuine trend?
Human influenza-A viruses have their origin in avian and swine species,
and for a new pandemic flu strain to emerge, a number of successful viral
mutations and transmissions must first take place. First, transmission of a
novel influenza-A virus from an animal to a human must take place. Next,
viral transmission between humans must occur, followed by transmission
from one human to another in a sustained manner. The flipside of this
influenza-A virus mutation and transmission process is that a highly
pathogenic influenza-A virus does not usually adapt particularly well to its
human hosts in the first instance, because it tends to kill them too quickly
for sustained transmission to occur.1429
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This latter point makes the difference between sporadic animal-to-human
infection killing 25 to 50 percent or more of its human victims (i.e., H7N9,
H5N1) and a full-blown pandemic killing a lower percentage of infected
people. For example, in the 2009 swine flu pandemic the mortality rate was
estimated to be 0.002-0.009 percent, 1430 while at the other extreme the
1918–1919 Spanish flu had a mortality rate estimated at between one and
three percent of the world’s population.1431
Conventional epidemiological thinking highlights important factors
potentially associated with this increase in animal-to-human influenza-A
infections. For example, the growth and intensification of global poultry and
swine production combined with climate change increases the stress on
animals and makes them more susceptible to infections and disease.
China, where pandemics have historically originated,1432 and other parts of
the world still utilize open markets for livestock trade in support of homebased rearing systems. These rearing systems often mix poultry, swine, and
humans in the same areas, which facilitates the emergence and spread of
new viral mutants. The intensification of corporate food production systems
worldwide (typically, half a million birds per flock) also increases the risk
of new viral strains emerging and being transmitted from birds to humans
working in close proximity to them.
Most of the influenza-A viruses being transmitted to humans have resulted
from viral gene re-assortments (in swine) and viral mutations (both avian
and swine). Swine can be co-infected with all three swine, avian, and human
influenza-A virus strains at the same time. This yields new, mutant viral
strains through viral gene re-assortments as the viruses replicate together
inside the cells of the pig.
Many migrating birds, on the other hand, fly to the Arctic Circle every
summer, and this brings many bird species into contact with one another,
with millions of birds often closely packed together. This summertime
mixing occurs while the birds, their eggs, and their offspring are bathed in
extremes of geomagnetism and ionizing radiation, such as cosmic rays
(which are putative factors involved in viral mutation).
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Death by H7N9 or H5N1 Viral Infection Would be Horrific
The influenza-A viruses we really have to worry about are highly
pathogenic avian influenza-A H7N9 and H5N1. Since 1997 other animal
influenza-A viruses have also killed humans, and these continue to pose
risks.1433,1434,1435,1436
H7N9 is killing between 25 and 40 percent of humans infected.1437,1438
Animal-to-human infections emerged in China in 2013, and grew year by
year to a total of 1,600 animal-to-human infections reported by
2017.1439,1440,1441 Specific viral mutations that facilitate human infection have
since emerged, 1442 meaning human-to-human transmission is next. The
situation is similar with the H5N1 virus, which has killed more than 50
percent of humans infected.1443,1444,1445,1446
Pandemics have historically spread rapidly throughout the world, and up to
half the human population is typically infected.1447,1448,1449,1450 Pandemic flu
viruses that kill a high percentage of their victims do so because they cause
a high incidence of severe pneumonia and multi-organ failure. This requires
intensive hospital care, with the availability of hospital intensive care a
potential bottleneck.
The 1918–1919 pandemic flu virus caused acute swelling of and bleeding
from the lungs, and people who were infected typically suffocated within one
to two days. The second wave of the pandemic was responsible for the most
deaths, due to an unusually severe hemorrhagic pneumonia. H5N1 victims
today experience similar pathologies to those of the 1918–1919 pandemic,
with acute respiratory distress syndrome occurring in 50 to 75 percent of
infections.1451,1452
Likewise, since 2013 more than 90 percent of humans dying from H7N9
infection suffered from pneumonia, respiratory failure, or acute respiratory
distress syndrome. Most of the infected people who were hospitalized were
admitted to an intensive care unit. With ongoing viral mutations of H7N9
known to improve human viral transmission,1453 this is a very worrying virus
indeed.
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Historically, in the 1918 and 1957 flu pandemics, the second and third
waves of the outbreak were worse than the initial wave of the
disease.1454,1455,1456

Cold Climates and Extremes of Solar Activity Portend
Pandemic Flu Outbreaks
The odds of a pandemic flu outbreak are small, and yet pandemics happen
more frequently around 11-year sunspot minima and maxima, and during
cold climate phases (see Figure 14.1).
According to the scientific literature, there were 24 pandemics and 29 major
or regional influenza epidemic outbreaks between 1500 and
2009. 1457,1458,1459,1460,1461,1462 There were three pandemics during the 20th
century—in 1918, 1957, and 1968, and one in the 21st century (2009)—so
far, that is.
To investigate pandemic flu outbreaks and their association with climate
change and solar activity, I conducted my own epidemiological study. This
study utilized Greenland ice core and Northern Hemisphere climate data,
and influenza pandemic and epidemic outbreak data compiled from the
scientific literature between 1500 (or 1700) and today.
The standout finding across the different solar activity, cosmic ray, and
climate-related data studied (collectively “solar activity and climate
parameters”), was that 76 percent of all influenza-A pandemic and major
regional epidemic outbreaks during the Little Ice Age took place at a peak
or trough in these solar activity and climate parameters, or within a year of
one.
Half of influenza-A pandemics and epidemics (22/45) between 1610 and
2000 occurred when both the Northern Hemisphere temperature and total
solar irradiance anomalies were negative, which corresponded with the
troughs of the Little Ice Age’s grand solar minimum periods. In other words,
grand solar minima pose increased risk for pandemic influenza-A outbreaks.
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Figure 14.1 (A-B). Historical pandemic and epidemic influenza-A
epidemiological data used in Figures 5.1 A-B and citations C to F were
extracted from six scientific publications reviewing the history of influenza
(see citation), providing a general consensus on pandemic flu outbreaks (and
major regional epidemics) back to 1500. Climate and solar activity data
started in either 1500 or 1700 and the end dates varied, meaning the number
of pandemic events varied (N = 35 to 53). A) Seventy-four percent of
influenza pandemics and epidemics (26/35) since 1700 CE occurred at or
within one year of the peak or trough in sunspot numbers, increasing to 89
percent (31/35) within two years. The average sunspot number for
pandemics occurring at sunspot number troughs was 12 (18 for pandemics
occurring within one year of a sunspot number trough). The 2018 sunspot
number was 22. 1463 Conclusion A: Based on sunspot numbers, we are
approaching a high-risk period for pandemic flu. B) Between 1610 and
2000, eighty-two percent of influenza pandemics and epidemics (37/45)
occurred at or within one year of a peak or trough in the total solar
irradiance anomaly. Sixty-four percent (29/45) of influenza pandemics and
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epidemics occurred during a negative Northern Hemisphere temperature
anomaly. Half of outbreaks (22/45) occurred when both the Northern
Hemisphere temperature and total solar irradiance anomaly were negative,
which corresponds with the trough of grand solar minimum periods.
Negative anomalies resulted when the temperature or irradiance value was
less than the 1610-2000 average for that parameter. Conclusion B: Grand
solar minimum periods associated with a colder climate pose increased risks
for pandemic flu outbreaks.
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Figures 14.1.C to 14.1.F. The percentage of influenza pandemic and epidemic outbreaks
occurring at or within one year of the peak or trough are: C) Beryllium-10 concentration
anomaly, 85 percent (44/52) since 1500. D) Total solar irradiance anomaly, 82 percent
(37/45) since 1500. E) Cosmic ray intensity anomaly, 53 percent (18/34) since 1700. F)
Sea-ice cover anomaly, 85 percent (45/53) since 1500. Arctic algal growth declines when
increasing sea-ice blocks the sunlight reaching the ocean floor. Anomalies were
calculated relative to the 1961-1990 average for total solar irradiance, cosmic ray
intensity, and sea-ice cover, whereas the anomaly is calculated relative to the 1960-1985
average for the Beryllium-10 concentration.1464

The Arctic Circle, Migrating Birds, and Viral Mutation
There is a small amount of scientific literature available on influenza-A viral
mutation and solar activity, and their links to pandemic flu outbreaks.
My research summary for pandemic flu outbreaks presented above indicates
that there is a range of climate- and solar-related parameters associated with
normal population health i.e., fewer pandemics. Extremes of these
parameters appear to be associated with more pandemics and major regional
influenza epidemics.
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Using similar methods, the above research findings broadly replicate other
researchers’ data for pandemic flu outbreaks (sunspot numbers). One
researcher determined that the relationship between pandemic flu outbreaks
since 1700 and the peaks and troughs of sunspot numbers during the 11-year
cycle (± 1 year) was statistically significant compared with other times of
the 11-year solar cycle.1465 My research builds on this researcher’s data with
a broader array of solar activity and climate-related parameters, all showing
the same peak and trough relationship with high frequency (see Figure
14.1.A-C).
According to other publications, influenza pandemics,1466,1467 influenza-A
viral mutation,1468 and Ebola hemorrhagic fever outbreaks in Africa1469 were
all associated with the peaks and troughs of the 11-year sunspot cycle.
Interestingly, some of the earliest mutations of the surface proteins of
influenza-A viruses, which helped create today’s family of viral strains,
coincided with two grand solar minima during the Little Ice Age. According
to scientists using advanced methods of genetic analysis, these influenza-A
viral mutations took place between 1672 and 1715 CE (Maunder
Minimum), and between 1825 and 1868 CE (Dalton minimum).1470 This
adds further support to the hypothesis that grand solar minima represent
high-risk times for influenza-A virus mutation and pandemics.
Influenza-A viral genomes are known to be responsive to earth’s magnetism
(geomagnetism). This geomagnetism is known to alter influenza-A viral
gene expression (switching on and off) and protein synthesis. 1471 Highenergy cosmic rays are guided by earth’s magnetic field into the polar
regions,1472 thus concentrating their effects in the Arctic, which migrating
birds visit annually. This would putatively provide a source of concentrated
ionizing radiation and magnetism to which migrating bird populations and
their vulnerable egg embryos are exposed. The ioninizing radiation and
magnetism could in turn help mediate viral mutation processes.
This research data is suggestive of a causal relationship, and highlights
environmental risk factors and potential biological mechanisms that could
contribute to avian influenza-A virus mutation. Drug regulators,
government, and WHO could modify their perception of risk based on this
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epidemiological information. This could then help them make the decision
to implement pre-pandemic immunization for the willing, at risk public (see
the discussion below).

We Can’t Immunize the Population before a Pandemic
Peaks in Mortality
The number one goal in infectious disease prevention is to immunize your
target population before a disease outbreak, not afterward. As a rule of
thumb, across all vaccine-preventable infectious diseases a minimum rate of
70 percent immunization is targeted in the population before a disease
outbreak. This rate of immunization then imparts a “herd immunity effect”
able to protect the whole population.1473,1474,1475 This herd immunity effect
halts or blunts an epidemic in its tracks. However, in the influenza vaccine
field humans are only immunized after a pandemic emerges, though this
now need not be the case.
In the 2009 swine flu pandemic, China and the USA were able to supply a
vaccine within six months of the outbreak. However, substantial quantities
of vaccine only became available after the pandemic had peaked. Only 100
million doses had been delivered in the USA nine months after the
pandemic emerged, 1476 while in China only 90 million doses had been
administered nearly a year after the pandemic emerged.1477
Therefore, the biggest shortcoming of the response to the 2009 swine flu
pandemic was the failure to supply enough doses of vaccine before the
pandemic peaked.1478 Industry, government, and WHO failed to come close
to achieving the ideal 70 percent vaccination rate (see Figure 14.2).
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Figure 14.2. A plot of the weekly number of clinical cases of pandemic influenza A
(H1N1) virus infection and the number of pandemic flu vaccine doses administered. This
highlights that the first vaccine doses were only supplied just before the peak of the
pandemic (i.e., after approximately six months), and that by the pandemic’s peak only
about 4 million doses had been supplied.1479 Conclusion: Waiting until after a pandemic
emerges before manufacturing a H5N1 or H7N9 pandemic flu vaccine is a recipe for
human catastrophe, when in fact this need not be the case. Note: Unlike in 2009, when
most humans had preexisting immunity to swine flu H1N1 (developed after a lifetime of
seasonal flu H1N1 infections and immunizations), a H5N1 and H7N9 pandemic will
likely be associated with high mortality rates. This higher mortality rate will result
because we have no preexisting immunity to H5N1 or H7N9 influenza-A strains that
would normally provide partial protection against these viruses.

At its root, this 2009 vaccine supply debacle reflected two main issues. The
most important problem was that the vaccine producers needed to wait until
after a pandemic emerged before beginning vaccine manufacture. As Figure
14.2 highlights, the flu vaccine industry cannot supply sufficient vaccine
quickly enough before a pandemic peaks in mortality; not even for the
population of the nation or nations in which the vaccine is produced.1480,1481
The second problem in 2009 was that there was insufficient global vaccine
production capacity, and the vaccine industry faced unpredictable technical
delays in optimizing the manufacturing process and ramping up that
production to full capacity. This full-scale production was not quick enough
to equitably supply and immunize at-risk people before the pandemic
peaked.1482,1483 The world was extremely lucky that the 2009 pandemic flu
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outbreak was mild, and did not replicate the 1918 Spanish flu mortality rate
of between one and three percent.
The above issues made obvious the inequity that exists when it comes to
supplying vaccine to developing nations and nations that do not possess
their own vaccine manufacturing capacity. Pandemic flu vaccine supply was
prioritized for large advanced purchase agreements by rich nations.1484 This
inequity in vaccine supply happened in both 2005 (H5N1) and 2009
(H1N1). In 2009, this meant a WHO-donor consortium was unable to
deliver any meaningful quantity of pandemic H1N1 flu vaccine to
developing nations.1485
Under international law, the principle of sovereignty rules in the allocation
of scarce resources, and this applies also to pandemic flu vaccine supply.1486
This means that in times of crisis nations control their valuable national
resources, placing their citizens and strategic priorities first. This applies to
the supply of pandemic flu vaccine1487,1488 as well as food1489,1490,1491 and
energy.
Can we manufacture and distribute equitably to all nations an adequate
supply of pandemic flu vaccine before the peak of a pandemic’s mortality?
No. Not under the existing immunization and vaccine supply paradigm,
irrespective of how much manufacturing capacity exists at the time. It will
still take five or six months to begin to supply a vaccine, and much longer to
supply billions of doses.1492
A pandemic like that of 1918–1919 will not only ravage the human
population, but also severely damage the global economy for years
afterwards, which would in turn undermine the switch to renewable energy.
A pandemic will also likely create a global food crisis, because most people
(including farmers) in the main food exporting and food producing
nations1493 will not be immunized in time.
In such a situation, finding a tenable strategic solution dictates we must
change the vaccine supply and immunization paradigm, and not the
behavior of governments (i.e., vaccine trade restrictions) or merely hope that
the vaccine industry will cope better next time.
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Generating Improved Antibody Protection Using Vaccine
Adjuvants
One of the breakthrough findings from pandemic flu vaccine research in the
last decade has been the use of oil-in-water emulsion adjuvants, or immune
response booster substances, to improve vaccines. Oil-in-water emulsion
adjuvants result in the generation of a special type of antibody response able
to protect against a wider array of influenza-A virus infections (broadly
cross-reactive antibodies is the technical term), compared with old-tech
1950s seasonal flu vaccines without an adjuvant that are still used today.
Approved H5N1 pre-pandemic flu vaccines stockpiled by the governments
of wealthy nations, as well as H7N9 and H7N1 prototype vaccines
(currently being stockpiled) containing oil-in-water adjuvants, will generate
these broadly cross-reactive antibody responses. These adjuvants include the
MF59C.1 adjuvant developed by Sequirus (formerly Novartis), 1494
GlaxoSmithKline’s AS03 adjuvant, 1495 and other proprietary oil-in-water
emulsion adjuvants.1496
Adjuvanted pandemic flu vaccine prototypes have consistently been shown
(clinical data) to better protect people against pandemic flu. As a general
summary, after an initial immunization with a vaccine containing viral
antigens of, for example, one H7N9 viral subtype (H7N9a-prime), the
primed antibody memory response generated can then be boosted at flexible
intervals of up to six years with a second vaccine composed of a different
virus subtype (H7N9b-booster). The booster immunization administered
years later (H7N9b-booster) will then generate an antibody response, which
will protect against H7N9a-prime virus plus the second slightly different
H7N9b virus (i.e., the mutant), as well as viral subtypes not immunized for
(i.e., H7N9-unknown mutants). The same principle applies to H5N1, H7N1,
as
well
as
other
pandemic
Influenza-A
strain
1497,1498,1499,1500,1501,1502,1503,1504,1505
threats.
The above cited pre-pandemic vaccine prototypes containing an oil-in-water
adjuvant also generate higher magnitudes of antibody response, and more
rapidly, in a higher percentage of immunized people, and with lower
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quantities of vaccine protein (i.e., antigens), compared with influenza-A
vaccines without an adjuvant.
This type of adjuvanted influenza-A vaccine, plus the immunization
flexibility it affords using different influenza-A subtype vaccines, means we
can protect people ahead of a pandemic outbreak and before the peak of
mortality, even if we don’t know what pandemic strain will attack. If
deployed, pre-pandemic immunization would blunt the first wave of a
pandemic or stop it in its tracks, while manufacturers supply a strainspecific vaccine to booster the first immunization.1506,1507,1508,1509
The critically important implication of the above is that rather than
stockpiling a pre-pandemic flu vaccine with a limited shelf life in coldstorage before a pandemic occurs, it would be much better to “store” the
vaccine as immunological memory in the human population—as is normal
with diseases for which we have vaccines. This immunological memory
could then be flexibly boosted many years later, with the duration of this
memory well exceeding the storage shelf life of a stockpiled vaccine (under
the existing strategy of rich governments).
Leaders in vaccine R&D have suggested pre-pandemic immunization,
because without it vaccine manufacturers will be unable to provide two
vaccine doses (a prime and booster) per person before a pandemic
peaks. 1510, 1511 Pre-pandemic immunization would permit governments to
eliminate the time associated with a priming immunization and a three-week
wait before giving a booster immunization. Pre-pandemic immunization will
save both valuable time and lives before the peak of a pandemic.1512,1513,1514
Why haven’t we done this, after the experience of 2009? I think the most
important reason is the impact of vaccine and adjuvant activism.1515
Activists have had a profound influence on politicians, drug regulators, and
industry. In light of developments in vaccine technology, decisions must
have been made not to immunize the human population until the risks are
more significant, i.e., after a pandemic emerges and the perceived risk-tobenefit ratio changes. I say, “decisions must have been made” because
industry (i.e., senior scientists, R&D leaders) has known and been vocal
Copyright © 2014 Carlton B. Brown of http://iceageearth.com, http://grandsolarminimum.com.
All Rights Reserved.

202

about changing the flu vaccine and immunization paradigm since 2009,
without success.
The pharmaceutical industry and drug regulators have been “scarred and
scared” by the history of drug safety issues impacting human health, and the
resulting multi-billion dollar litigation. More recent activism concerning
vaccine safety issues1516 reminds industry of the possible risks associated
with pre-pandemic immunization.
Our perception of the risk of a pandemic flu outbreak must change, as
opposed to hoping that H5N1 or H7N9, etc. will not cause a pandemic. The
association of pandemics with cold climates and extremes of solar activity
(peaks and troughs) offers an objective reason for changing our perception
of risk.

Pre-Pandemic Immunization with an Adjuvanted Flu
Vaccine Will Solve the Problem
The human population has reasonably good immunity to H1N1 and H3N2
seasonal and pandemic influenza-A strains (i.e., broadly cross-reactive
antibodies and cellular immunity) but has no preexisting immunity to H5N1,
H7N9, H9N2, and H2N2 pandemic flu strains. This is why 2009’s swine flu
H1N1 was relatively benign (i.e., people had preexisting immunity), and
why H5N1 and H7N9 infections will likely cause high mortality rates. This
means we are immunologically defenseless on two-thirds of our front line
(four of six influenza-A strains and all of their mutants), while major
pandemic threats are on the horizon, preparing to infect us. So long as we
have no preexisting immunity to these flu strains, a pandemic is likely to
have a high rate of mortality.
All we’ve done since the emergence of highly pathogenic avian H5N1 virus
in 2005 is effectively tackle the vaccine problem from one end. Industry has
greatly expanded global flu vaccine manufacturing capacity, and is
transitioning to larger-scale production methods (i.e., cell culture and
recombinant methods). It has also reduced the timeline for vaccine batch
release.1517,1518,1519,1520 However, despite this major progress, it still takes too
much time (about four to six months) to generate a vaccine prototype and
have the production process optimized for large-scale production.
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Importantly, the existing seasonal flu vaccines (without an adjuvant) are
only 60 percent effective at preventing mild forms of influenza.1521 And they
are rendered largely ineffective by viral mutation.1522,1523 And yet, despite all
these previously cited shortcomings, the only substantive change made to
vaccine technology since 2009 has been moving from a three-component
(trivalent) to a four-component (quadrivalent) flu vaccine, by adding a
second influenza-B strain.1524 While this solved the B-strain vaccine efficacy
issue, and expanded global manufacturing capacity (from manufacturing
three to four vaccine components i.e., a 33 percent increase), it did nothing
to provide immunological defenses (pre-immunity) against pandemicpotential H5, 7, 9, and H2 influenza-A strains. Nor did it do anything to
enable pre-pandemic immunization.
This industry and government response (partially curtailed by anti-vaccine
activism) still leaves us with a reactive vaccination strategy, in that we must
wait until after a pandemic emerges before immunizing people. Prepandemic immunization will permit governments, industry, and WHO to
achieve herd immunity before a pandemic emerges, and before the peak of
mortality.

Drug Regulatory Pathways Already Exist for Pre-Pandemic
Immunization
It should not be said that drug regulators would refuse to permit prepandemic immunization, if that was the government plan. Everything is
technically and legally possible from a regulatory perspective in making a
pre-pandemic, pandemic, or a seasonal flu vaccine, and with or without an
adjuvant. Whatever permutation of vaccine strains and adjuvant is required,
the development pathways and regulatory processes already exist to approve
those vaccines. Where there is will on the part of government, there is a way
on the part of industry and drug regulators. So perhaps voters need to
demand that their governments make it a priority to take action that will
ensure we are pre-immunized for pandemic flu (see Chapter 13’s Bucket
list).
The European Medicines Agency (EMA) and US Food and Drug
Administration (FDA) both use a centralized and expedited approval
procedure for pandemic flu vaccines. This consists of a preemptive mock-up
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core dossier (EMA)1525,1526 or biologics license application (FDA) for a
vaccine prototype,1527 which is then supplemented during a pandemic, with
final vaccine approval then being fast-tracked.
These regulatory applications for marketing pre-approval of a vaccine
prototype contain preliminary manufacturing, safety, and human clinical
data for a virus that has caused human infection but not a pandemic. Both
the EMA and FDA anticipate the use of an adjuvant for a pandemic or prepandemic vaccine.
A number of pandemic and seasonal flu vaccines containing oil-in-water
adjuvants are already on the market or sit in stockpiles ready for use. Fluad
(by Seqirus) is the only seasonal flu vaccine containing an adjuvant
(MF59C.1).1528 It was approved for use in the US in 2015,1529 and in Europe
(1997).1530 Two H5N1 influenza-A pre-pandemic vaccines containing an
oil-in-water adjuvant (i.e., Prepandrix with AS031531 and Aflunov1532 with
MF59C.1) have also been approved for use. The US government has
approved multiple manufacturers’ vaccine components which are to be
stockpiled in bulk for mix-and-match final vaccine formulations after a
pandemic emerges. The USA maintains H5N1, H7N9, H1N1 vaccine
protein components, and AS03 and MF59C.1 adjuvants in secure
storage.1533,1534,1535
Collectively, the regulatory procedures mentioned above permit a seasonal
flu vaccine to be changed annually (i.e., changing the influenza-A and B
strain components). These procedures also permitted the introduction (in
2012-2013) of a second influenza-B viral antigen creating a quadrivalent
vaccine. 1536 Regulatory procedures will permit a pre-pandemic vaccine
prototype to be pre-approved and then updated for the pandemic-specific
vaccine required once a pandemic emerges. This updated pandemic-specific
vaccine would then be rapidly approved for market use within days of filing
a new drug application.
Basically, government and its pharmaceutical regulators, in partnership with
vaccine suppliers, can do just about anything they want. However, antivaccine activism does complicate things.
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How Everyone’s Needs Can Be Met
Ultimately, pre-pandemic immunization presupposes that Seqirus
(MF59C.1) and GlaxoSmithKline (AS03) would sponsor a new vaccine
product in the global marketplace, and also permit their adjuvant to be
licensed to Sanofi and other vaccine companies. For this to happen there
needs to be a sufficiently attractive government-supported market. However,
risks must also be managed in order for GlaxoSmithKline, or Seqirus, or
other companies to support a government decision to pre-immunize the
population. This means someone has to own the responsibility for the risks
and accept the liabilities. Put bluntly, who will pay the plaintiffs’
compensation in the face of lawsuits if a vaccine causes side effects or
death?
Activists and others who don’t wish to be immunized don’t need to be
immunized, but this minority should not be allowed to put the rest of us in
jeopardy.
Seasonal flu vaccines are administered annually to hundreds of millions of
at-risk people, and these vaccines offer a ready-made formulation capable of
being reconfigured to include pandemic potential H7N9 or H5N1 influenzaA strains. Novartis vaccine R&D leaders and lead scientists even suggested
this vaccine reconfiguration in 2012 and 2013 for pre-pandemic
immunization.1537,1538
To make a pre-pandemic flu vaccine, Seqirus (for example) could
theoretically add H7N9 and H5N1 antigens to the Fluad seasonal flu
vaccine, with or without substituting one or more of the influenza-B strains.
This would permit herd immunity to be preinstalled for H7N9 and H5N1 flu
strains in at-risk populations under the guise of a seasonal flu immunization
program. This proposed addendum to the seasonal flu vaccine could be used
to improve overall immunization rates against influenza-A; that is, it would
provide the public something of perceived value and get them into doctors’
clinics to be immunized.
A new pre-pandemic flu vaccine could also be created. This vaccine would
be composed of (for example) eight influenza-A virus strains. This new
prepandemic flu vaccine would contain two different subtypes of the H5,
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H7, H2, and H9 influenza A strains, plus the MF59C.1 or AS03 adjuvant.
This new vaccine would be distinct from the seasonal flu vaccine, and
would complete our front line of antibody defense for the high-risk period
we are about to enter (climate switch and grand solar minimum). Precedents
exist for multi-component vaccines, e.g., Prevnar 131539 and Gardasil 9.1540
The existence of these multi-component vaccines demonstrates that such
vaccines are feasible from a technical and regulatory perspective.

God Help Us if Governments Think That Way
What staggers me as I discuss our pandemic flu and vaccine predicaments
with all sorts of people from all walks of life is their almost unanimous
response, namely:
“Oh well, we could probably do with a few less people on the planet.”
They say that until I remind them how they and those dearest to them could
die a horrific yet preventable death, struggling to breathe for one or two
days as they bleed inside their lungs and body, gasping in agony while
awaiting death.
I also remind them that the United Nation’s Brundtland Report did not
advocate allowing humans to be culled by pandemic flu as the means of
“Ensuring a Sustainable Level of Population.” 1541 Our failure to preimmunize against pandemic flu will inadvertently achieve the Brundtland
Report’s objectives. But do we really want that?
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Chapter 15

Conclusion

The Crux of It All
There is an urgent need to prepare the world for a 21st century climate
switch. The current trough-to-peak phase of this centennial-scale climate
oscillation is already late in switching back to a cooling phase, but that
cooling will happen. We will face climate risks during this grand solar
minimum—risks that unfortunately have been dismissed by the IPCC in the
climate advice it has given to governments.
Decentralized sustainable development and switching the world’s energy
system to renewable energy are pivotal to mitigating the yet unperceived
climate-related risks, and to living sustainably. Immunizing the world
against pandemic flu is an essential insurance policy for preventing global
food insecurity, massive economic disruption, and the derailment of the
proposed energy system switch, all three of which would result from a high
mortality pandemic influenza-A outbreak.
Ignoring Natural Climate Change before 1880 CE When Forecasting
the Climate is Akin to Driving with Your Eyes Closed
We have been led to believe by the IPCC that human activity and
greenhouse gas emissions have been the dominant cause of recent global
warming. This blaming of humans (while ignoring nature) has occurred
despite the fact that the science being promoted to governments in the
IPCC’s assessment reports since 1990 has never been justified by any form
of correlation analysis. A detailed correlation analysis is a basic minimum
requirement if you wish to justify a scientific theory. Such a climate
correlation would need to be valid over all timescales (not just since 1880 or
1970), and would need to be compelling when compared with correlations
for other climate sub-systems.
Without that basic correlation analysis, you can’t justifiably blame humans
for climate change, while ignoring nature. Even with that correlation
analysis, you still can’t prove cause and effect. However, you can eliminate
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carbon dioxide as the primary climate-controller when carbon dioxide does
not move up and down with the multi-annual or decade-scale temperature
oscillations (see Figures 4.3, 4.4, and 6.2), and when your forecasting is
highly inaccurate over a 30-year period. Ultimately, nature will prove this
argument.
This book has shown that the IPCC’s science does not represent a consensus
of climate scientists, but rather a United Nations diktat justified by the
IPCC’s founding Articles 1 and 2. In Chapter 1 you were shown the IPCC
processes that enabled its scientific bias, and the harsh criticism provided by
external scientific authorities. Articles 1 and 2 and the IPCC processes have
enabled the IPCC’s scientific bias for three decades. The IPCC selected
carefully vetted government scientists to do its work, and then dressed that
up as a scientific consensus—one that the media incessantly tries to
brainwash us with today.
The proof of this scientific sham is in the IPCC’s forecasts. If normal
science were operating in the climate science field, then the IPCC’s 30-year
track record of generating highly inaccurate climate forecasts (1985–2018),
should have been exposed by the peer review process. Likewise, the
dismissal of the ice age by a statistically flawed 30,000 years should have
been torn apart by the peer review process—but strangely, it wasn’t.
The IPCC is the organization advising our governments on climate risks and
risk mitigation strategies. Yet, strangely, you will learn virtually nothing
about the natural, climate change-related risks which are detailed in this
book. You have been shown exactly where to look in the various IPCC
assessment reports to see how natural climate-related catastrophic risks were
dismissed, downplayed, or ignored by the IPCC.
This means we are being inadvertently led to a climate switching “cliff
edge.” Why? Because the IPCC borrowed a redacted version of climate
science decades ago to promote its political agenda—the switching of the
world’s energy system and moving humans to living sustainably before we
run out of oil and gas.
The part of the climate science field not wedded to anthropogenic global
warming has identified several alternative risk factors beyond human
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activity, which the IPCC has chosen to ignore, presumably to prevent the
undermining of its political agenda. Solar scientists expert in climate change
have warned us that this current grand solar minimum will lead to Little Ice
Age-like conditions in the decades ahead. We really must listen to these
experts if we wish to best prepare and mitigate the risks.
The IPCC’s risk assessment effectively dismissed, downplayed, or ignored
the plethora of climate-related human catastrophes that occurred throughout
the Little Ice Age, as well as the event that triggered the Little Ice Age,
namely the climate-forcing volcanic eruption at Rinjani in 1257. Climate
scientists expert in Arctic glacier ice accumulation processes and in
volcanism have pointed to the primary role of climate-forcing volcanism
and grand solar minima in triggering and propagating centennial-scale ice
accumulation and global cooling processes. Their science delineates the big
risks that we will soon face.
Climate scientists expert in volcanism and agricultural food supply have
advised us that if a large magnitude (VEI 7) or climate-forcing volcanic
eruption were to occur today, it would have a devastating impact on global
agriculture. One year’s food production for one-third of the world’s
population would be lost. We don’t have a plan for that, but we do have
options if we are given sufficient time to prepare.
The climate optimum timings indicated in the ice core data and their relative
phasings tell us earth entered an ice age 8 and 10.5 millennia ago in the
Arctic and Antarctic, respectively. This climate data also highlights our slow
descent into this ice age—slow relative to all other glacial cycles in the past
800,000 years (Antarctica) and 2 million years (globally). Northern
Hemisphere summer temperatures have also declined over 8–10 millennia,
and this has closely tracked the precession-driven decline in Northern
Hemisphere solar irradiance.
I remind you of the above and what follows because this is fundamentally
important to help you reorient yourself as to what stage of the glacial cycle
we are in today. There was less ice at the poles at the Holocene Climate
Optimum than there is today. Ice began to accumulate from about 5,000
years ago, and northeast Greenland was ice-locked by 3,000 years ago.
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Glacier ice rapidly accumulated during the Little Ice Age, and reached its
peak in the mid-19th century. Much of this glacier ice then melted after the
mid-19th century, as the sun entered its 20th century grand solar maximum
phase, and human activity came into play.
Superimposed on the 8,000-year year decline in Greenland’s temperature
and glacier ice accumulation are dozens of centennial-scale climate
oscillations of ±10C. These oscillations reduced the temperature recorded in
the ice core by 4.90C at its lowest temperature trough in 1700. The
subsequent trough-to-peak temperature rise between 1700 and 2016 tells us
that today’s climate peak is the largest statistical outlier in the past 8,000
years. That statistical analysis also tells us that the higher the peak, the more
abrupt the fall in temperature when the climate switch happens. The
Greenland ice core data also tells us that we are two centuries overdue for
that fall, and it tells us very clearly that carbon dioxide did not cause the
1700-2016 trough-to-peak global warming phase (see Figure 4.3).
Therefore, I conclude a fall is going to happen, and this grand solar
minimum is prime time for it.
Some of the climate switches to a cooling phase since the Holocene Climate
Optimum were termed (by the climate science field) rapid climate change
events. These events were associated with the collapse of numerous ancient
civilizations. Yet such climate risks were dismissed by the IPCC.
A Reminder of Our Vulnerability to Climate-Switching Risks
We need to anticipate a climate switch to a global cooling phase and a return
to ice age conditions. Risks and vulnerabilities are linked to colder climates,
prolonged extremes of precipitation (drought, rainfall, and snow), the
potential for climate-forcing volcanism, and the impact of all these on
agriculture, water supply, and energy needs.
The big complication for any plan other than the global warming plan is that
there is so much politicized and vested interest in anthropogenic global
warming on the part of the IPCC, our governments, and the media. The
global warming story, and blaming human activity for natural climate
change, has an “oil supertanker-like momentum” to it. This momentum
makes a change of direction almost impossible. This book will place its flag
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in the sand, and must wait for extreme weather to start raising questions in
people’s minds. Keep an eye on the global and Northern Hemisphere
temperature if you want to know the truth.1542 Don’t fall prey to media
manipulation.
The complication for any plan to mitigate climate change relates to nonclimate factors that increase our vulnerability to climate-related risks. Such
non-climate factors include uncontrolled population and economic growth,
increasing urbanization, and our depletion of earth’s non-renewable
resources. Human activity has depleted two-thirds of the world`s largest
aquifers beyond sustainable limits, and increased water basin and
transboundary river stress. This creates a major vulnerability, because we
have reduced the buffering capacity of our water basins, which is where
people live and, even more importantly, where most of our food is grown.
Compounding our vulnerability to climate risks is the fact that we only have
50 years of proven oil and gas reserves left. Making matters worse, more
than half of the world’s oil and gas reserves are unproven guesstimates, (this
includes shale resources). This means the optimistic prospect for new oil
and gas discoveries is more fiction than fact.
The high degree of urbanization constitutes another major risk and
vulnerability the world will confront in a climate switch crisis. Urbanites
have largely forgotten how to grow food at home, or they have lost the
capacity for growing food. This has created a reliance on fewer food
producers overall. This urban vulnerability is compounded by the high
degree of centralized supply for essential resources (i.e., food, energy, and
water) that are provided largely by big corporations and/or government.
The Plan: Decentralized Sustainable Development and Switching the
World Energy System to Renewable Energy
While I may be critical of the IPCC, I do admire the master plan and spirit
of the United Nations and its intent to switch the world’s energy system and
move us to a sustainable lifestyle.
Rapidly switching the world’s energy system to renewable energy and
implementing decentralized sustainable development are pivotal strategies
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for mitigating a climate switch, catastrophic climate-related risks, and the
coming crisis in the supply of fossil fuels.
The focus on decentralization means that individuals, communities, and
cities must embrace partial self-sufficiency for securing energy, water, and
food. Decentralization anticipates that government, corporate, and
commodity market actions will restrict resource supply in a crisis event, and
so aims to reduce our vulnerability to that systematic risk.
In order to remove impediments to change, there is an urgent need for a
scientific revolution that recognizes there is a high probability of a climate
switch with its associated risks (i.e., cold, extremes of precipitation, climateforcing volcanism, and pandemic flu). Articles 1 and 2 need to be amended
or eliminated. A great sense of urgency is required. The correct climate
change message and the right economic incentives are imperative if the
world is to act.
By implementing a carbon tax, we can incentivize the energy system switch
and drive energy efficiency innovations. By revealing that peak oil and gas
discovery and production are behind us, and that we only have 50 years of
proven oil and gas reserves left, we can convey a message of resource
scarcity. In such a manner, a higher market price for oil and gas, necessary
for achieving the energy system switch, will be achieved. The impact of
higher energy costs and the fear of losing corporate profits will be a more
effective strategy for switching the world’s energy system than blaming
human beings for destructive climate interference.
Massive renewable energy capacity will be required for this energy
transition. To expand renewable energy supply will require regional supergrids and local smart grids, and plenty of high voltage direct current
transmission interconnections to transport bulk electricity. Gigawatt-scale
battery storage capacity will also be required, to ensure energy system
resilience. In place of oil and gas pipelines and using shipping to transport
fuels, we need to build the infrastructure for bringing renewable energy
from resource-rich regions to regions with demand.
We need to anticipate the need for water supply solutions in regions that
were impacted by extreme drought during the Little Ice Age. Proactively
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improving the drought-buffering capacity of water basins through natural
and artificial groundwater recharge is essential. The decentralized supply of
both desalinated water and energy using coastal renewable energy systems
offers sustainable solutions for coastal, near-coastal, and urban
environments. Building pipelines for bulk water transportation from waterrich areas to cities, industries, and agriculture must be made a top priority, in
preparation for extreme and prolonged drought.
Decentralizing food supply for cities and communities, and promoting food
production at home, must become key priorities for central and municipal
governments. Urban agriculture, high-tech indoor farming, urban soil-less
food production, aquaculture, and home food production systems are all
important means for improving city food supply and reducing urban
vulnerability in a food crisis. Cold- and drought- adapted crops and farming
practices already exist, but preparations for their deployment must be
prioritized.
Climate-forcing volcanism that blocks out sunlight will decimate global
food production. This means we need new food supply solutions that are
independent of the sun and climate. Industrialized greenhouses surrounding
cities, high-tech indoor farming, and bulk-scale single cell protein
manufacture all offer climate- or sunlight-independent food production
systems. These can be used to provide just-in-time food stockpiles (i.e.,
produced when required).
At the heart of decentralized, sustainable development are you and your
family at home. The message is clear—we need to live sustainably, and
become self-sufficient (or almost) in producing food and energy, and in
managing our water supply during climate extremes. We need a backup plan
to reduce our vulnerability to global-scale risks. Chapter 12 gives you best
practice methods for living sustainably at home, and preparing your family
for climate risks. Being prepared will make the difference between survival
and extreme vulnerability or even death.
Chapter 13 provides a bucket list of things we need to do to prepare our
homes, communities, municipalities, work places, and countries. This
bucket list is geared toward voting leaders into power who will get the big
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jobs done on our behalf. Rather than be dependent on government, we must
remind government leaders that they are in power because our votes put
them there. There’s much work to be done, and we need our leaders to act
on our behalf before it’s too late.
------------------I hope you find this book provocative, and that it shatters the illusion that
humans control the climate while denying Mother Nature—including the
sun and earth—her primary role. I hope you find this book useful in helping
you move toward living sustainably in your day-to-day life and in helping
you prepare this world for the youth of today, who will face the cold and
climate extremes of the future. My best wishes to us all in this endeavor.
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About the Author and My Motivations for
Writing this Book
Prior to becoming an author and private researcher, I had a diverse career
and education, and purposefully pursued an eclectic series of interests. I
qualified as a veterinary surgeon in 1986 (Massey University, New Zealand)
and worked in New Zealand and England as a veterinarian, predominantly
in small animal practice. In 1997 I completed my Master of Business
Administration at the London Business School, and pursued a career in
biotechnology and global healthcare investment banking in Europe.
Between 2002 and 2012, as a vaccine innovator and CEO, I raised £23m
from European life science investors and the UK government, and built a
vaccine company in the UK that was sold in 2015. During this time a
synthetic universal influenza-A vaccine, able to immunologically counter all
potential pandemic influenza-A strains, was progressed into clinical testing
(see LinkedIn). The underlying vaccine technology was developed to
counter the threat of mutating viruses transmitted from animals to people
(i.e., zoonosis). This background in innovating vaccines for zoonotic
mutating viruses provided a doorway to my research on the Arctic climate
and solar activity’s influence on viral mutation and pandemic flu outbreaks.
My new career as an author began in 2012 and was enabled by two decades
of hobby research in the field of pyramid archeology, resulting in the
publication of Discovering Ritual Meditation: Transcendental Healing and
Self-Realization (hyperlink) in 2014. I spent three years being a test pilot for
the ancient priesthood ritual methods that I discovered during my
archeology research. My interests in earth as a complex living system
(Mother Earth), enabling the evolution of all life and consciousness, while
living “in presence” (in the moment, in silence, aware of breath and all
arisings) in the intense magnetic fields of Lake Atitlan’s volcanoes
(Guatemala), “inspired” this book.
Some important questions also helped shape my discoveries. How did
climate change cause the demise of ancient Egypt’s Old Kingdom and other
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ancient civilizations? Did we lose civilizations under the oceans, before the
Holocene Climate Optimum, and as the ice of the last ice age began to melt?
What was the significance of the word sun in sungod? What is really
happening with the climate today? Are we witnessing more volcanism
today?
I am interested in the sun’s magnetic and electromagnetic control of earth
systems and earth system risks (i.e., climate change, volcanism,
earthquakes, disease)—after all, ancient civilizations worshipped the
sungods and goddesses to protect against such risks.
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End Notes
A number of the following endnotes point to places in copyrighted
publications where important information can be found. Exposé summaries
of relevant copyrighted information are provided and are accompanied by
critiques and commentaries. You are urged to review the publicly available
documents and see the information for yourself. This exposé is done without
copying copyrighted text, and is done in the spirit of “fair use.” You have a
right to know what science has been discovered, and what science has been
dismissed, ignored, or not detailed, relating to potentially catastrophic
climate-related risks.

Tabulated Data Associated with Endnotes
Each table legend refers to the tabulated data above it.

1) Data referenced in and supporting Figure 1.1 and endnote 153. This
pertains to document and search engine key word use associated with
climate control mechanisms.
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2) Data referenced in and supporting endnote 242. Table of interglacial
durations (Global data).

3) Data referenced in and supporting endnote 243. Table of climate
optimum intervals (Global data).

4) Data referenced in and supporting endnote 244. Table of the phasing
gaps between the climate optima, with and without a 30,000-year delay
to the start of the ice age (Antarctica Dome-C versus global data).

5) Data referenced in and supporting endnote 279. Table of Polar and global
climate optima, providing climate optima intervals and phasing gaps
(bottom two lines in the table)
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6) Data referenced in and supporting endnote 288. Table of climate and sea
level parameters at the time of the Younger Dryas, relative to the glacial
maximum and climate optimum.

7) Data referenced in and supporting endnote 343. Group 1 trough-to-peak
temperature rises and falls (Greenland ice core).

8) Data referenced in and supporting endnote 458. Vogripa/LaMEVE VEI
>6 eruption event data and their association with sunspot number peaks
and troughs.

9) Data referenced in and supporting endnote 459 and Figure 5.1.A.
Volcanic eruption and statistical data supporting the volcanic forcing
threshold used to identify climate forcing volcanic eruptions.
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10) Data referenced in and supporting endnote 459 and Figure 5.1.B. This
data pertains to the distribution of climate forcing volcanic eruptions
relative to sunspot number peaks and troughs.
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