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1. Future Risk
Michael Gutteridge
26/11/2020

The technological change we need is not physical but social
1.1.

Cassandra’s curse

1.1.1. Predicting the future is fraught with danger to one’s academic and public credibility. When
predictions are made and then they do not come true, those who made them are typically ridiculed,
yet often this is misplaced. Most predictions are based on the data and trends of the time, and often
predictions come with caveats, including all things being equal, if this trend continues or if we stay on
this course. Should the course then change, and the threat subsides, those that raised the alarm are
denounced as alarmist, frauds or worse. Yet insurance against risk, or the precautionary principle, has
always been considered prudent. Often, we insure against low probability risk and yet ignore others
that may be higher. Those with knowledge in specific areas, such as scientists, engineers, health
experts or economic advisors are relied upon by those without expertise to read the present, forecast
the future, and warn of danger. Yet often when what they have to say is unpalatable or contrary to
economic interests, their credibility and warnings are challenged, often by these same non-experts.
This occurred and continues with climate change. It would be more appropriate to regard those who
identify risk as scouts and lookouts where their foresight allows the complex mass of society to alter
course slowly and smoothly.
1.1.2. The Y2K bug was, and still is, an example of risk being misunderstood, and criticism being
popularised. Y2K, or the Millennium Bug, was the risk of computer failures when the calendar date
changed from 31 December 1999 to 01 January 2000, and then again to the leap year-day of 29th
February 2000. The potential existed for significant disruptions to power, transport, industry,
communications etc, with many of these key infrastructure reliant upon interconnected non-2000
date-compliant computers. Fortunately, there were no major disruptions on the first day of the new
millennium, or 01 March 2000, and the Y2K bug has since been branded a false alarm, an
embarrassment, or a cynical marketing ploy by the computer and software industry.
1.1.3. However, what critics fail to appreciate, is that for over a decade prior to 01 January 2000,
and at a cost of nearly US$500 billion (in 2020 dollars) computer systems worldwide were audited,
corrected, or replaced. To put that into perspective, that is more than 10 years research and labour,
fully endorsed and supported by governments, military, as well as the largest and wealthiest
corporations in the world, utilising the brightest minds in information technology and planning. It was
possibly one of the largest coordinated peacetime efforts in human history. It consumed more than
double the resources it would take to eliminate world hunger and achieved its goal within the project’s
short time window; thus, it was a phenomenal success. All of this to just add two more digits to
computer date code.
1.1.4. Despite this unprecedented global effort, around the world various alarms and system failures
still occurred, including with telecommunication, civil and commercial systems which included nuclear
power plants. The threat was real, remedial action was taken, and greater problems were avoided.
Today, Y2K has become a by-line for foolish overreaction and is used as an example when criticising
other inconvenient Doomsday predictions. Consider though the logic for calling it a false alarm. Why
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would the world’s wealthiest private corporations, e.g. banks, telecommunications, power, aviation,
employing the most talented information technology graduates, spend their own money and devote
their own resources to a hoax perpetuated by a small group of computer manufacturers and software
developers. Indeed, many of these supposed victims had intellectual capacity and resources equal to
or greater than those who were supposedly fooling them. The Y2K event is also a lesson on how
seemingly insignificant cracks or defects in giant and complex systems can over time undermine
viability, thus comparable to CO2 emissions.
The inherent conundrum of the Y2K debate is that those on both ends of the spectrum — from
naysayers to doomsayers — can claim that the outcome proved their predictions correct.1
Consider if nothing was done to correct the Y2K bug. The cascade of events may have been
unpredictable and catastrophic, and blame apportioned accordingly. Yet there is little doubt that in
the decade leading up till year 2000, governments and industry would have explored every
opportunity to avoid or minimise the cost of remedial actions, thus it is assumed that the preparatory
actions that occurred were the minimum possible in order to avoid unacceptable levels of risk.
1.1.5. Another example of ridiculed warning is the 1968 book The Population Bomb by biologist Paul
Ehrlich. The basic premise was that if population continues to grow at an exponential rate, then at
some point humanity will outstrip the planet’s ability to supply enough food, resources and remove
waste, to a point where millions face starvation and nations collapse. This argument was label NeoMalthusian, i.e. a modern take on the Malthusian Trap argument2. Based on historical data and trends,
and an understanding of population biology, he suggested imminent famine for many countries unless
dramatic changes occurred. His book, similar to others written during an era of awakening
environmentalism and counter-culture idealism, which incidentally included a salient fear of nuclear
annihilation, was less a rigorous and sterile academic treatise but rather a deliberately populist,
normative and emotive pitch to the masses. He suggested that governments would need to intervene
to curb population growth, and that some countries or income cohorts, were beyond help and
presumably sacrificial. Ehrlich’s critique also extended to economic resources, such as copper for
telecommunications and industry, and environmental decline due to disturbance and pollutants, all
contributing to the prophesy of a dystopian future. The book received harsh criticism through to
ridicule across the political and intellectual spectrum, which continues to this day. But it received
praise from fellow biologists and environmentalists, being the experts in this field. The Prologue to
The Population Bomb reads,
The battle to feed all of humanity is over. In the 1970s and 1980s hundreds of millions of people
will starve to death in spite of any crash programs embarked upon now. At this late date
nothing can prevent a substantial increase in the world death rate, although many lives could
be saved through dramatic programs to "stretch" the carrying capacity of the earth by
increasing food production and providing for more equitable distribution of whatever food is
available. But these programs will only provide a stay of execution unless they are
accompanied by determined and successful efforts at population control. Population control is
the conscious regulation of the numbers of human beings to meet the needs not just of
individual families, but of society as a whole: Nothing could be more misleading to our children
than our present affluent society. They will inherit a totally different world, a world in which
the standards, politics, and economics of the past decade are dead…. We must have population
control at home, hopefully through changes in our value system, but by compulsion if voluntary
methods fail… It cannot be overemphasized, however, that no changes in behavior (sic) or
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technology can save us unless we can achieve control over the size of the human population.
The birth rate must be brought into balance with the death rate or mankind will breed itself
into oblivion. We can no longer afford merely to treat the symptoms of the cancer of
population growth; the cancer itself must be cut out.3

1.1.6. When the book was published in 1968 global population was 3.6 billion and the growth rate
was 2.09%, being the end of a decade with the highest growth rate in recorded history, Image 1. Had
that growth rate continued, by 2020 the global population would have exceeded 10.5 billion, and 55.2
billion by 2100. Yet in 2020 the global population is only 7.8 billion and the growth rate has halved to
1.05%. Current projections suggest the growth rate will fall to zero before 2100 at a maximum
population of around 11 billion. Ehrlich was pointedly pessimistic of India’s future given its rapidly
growing population of 532 million, which was increasing at 2.1%ann in 1968. It rose to its highest rate
of 2.3%ann in the following decades. India had a long and terrible history of famine which continued
through into the 1980s. China also lent credence to his argument, with a median estimate of 36 million
people dying from famine 1959–1961, representing ~5.5% of China’s 1958 population. Over the 160
years between Malthus and Ehrlich at least 14% of the global population died during famines, and
many more died of starvation outside of famine events. Hence, based on the historical data, trends,
and even the politics and economics of the period, Ehrlich’s argument was rational and defensible. In
1968 there seemed little hope for the less developed nations.
A doubling of world population in 40 years has never happened before and will almost surely
never happen again. The concern that population was growing at unprecedented rates in the
1960s was unquestionably correct. However, the rate had already reached a peak by the mid1960s, shortly before the publication of The Population Bomb…4
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Ehrlich published book in 1968

Image 1: Global population and population growth rate. Within only 150 years – about 0.075% of human history – human
population exploded by 500% and per capita consumption by 800%, causing the total rate of resource consumption and
waste excretion of humans to increase by a factor of 50.

1.1.7. The economic argument that if labour’s income increased as a proportion of GDP then fertility
rates would decline, had not been conclusively established in the 1960s. What had been established
is that as live births and survival to adulthood increase the fertility rate would slowly decline. In the
UK it took 95 years (1815-1910) for the birth rate to drop from 6 or over to 3 or below children per
woman, in the US it took 82 years (1844 -1926). Furthermore, historical birth rates were often the
followed improved wages and conditions, i.e. as conditions got tougher, birth rates dropped and then
rebounded as conditions improved. Birth rates fell during economic depressions, wars or food scarcity
and then rebounded when conditions improved, see Image 2. In the US, the birth rate rebounded
dramatically at the end of the Second World War, referred to as the Baby Boom, at a time of growing
wages and improving conditions. The total population also follows this pattern because of increased
migration during periods of relative prosperity.
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Image 2: Number of live births and fertility rate in the USA 1909 - 2016

1.1.8. The US Baby Boom fertility rate peaked in 1958 at 3.6 births per woman, and in 1964 it was
still at 3.1. In this same year President Lyndon B. Johnson pushed through legislation for Federal
Government support of birth control for the poor, principally through education and distribution of
the newly developed contraception pill. It was recognised that without government intervention, the
US would face a problem with rapid population growth, despite post war economic prosperity. In 1973
growth in real wages peaked and then began a steady decline through till 2000. During this period
which included broad uptake of contraceptives and family planning, economic depression and a
decline in real wages, growth in female participation in the work force to support household income
which was now possible due to smaller family size and legislated women’s rights, a demographic
transition occurred. It was only from this period onward that the developed world moved to high
income and education concurrent with small families. It was all very well for economists to say
retrospectively that population will decline when we improve wages and living conditions, but in the
mid-1960s they simply did not know this, and the confluence of circumstances had not manifest in
order for this to occur.
1.1.9. Ehrlich’s forecast was based on what humans had experienced many times through history,
including examples of famine and environmental decline through into the 20th century. To be specific,
for a defined unit such as a country or cohort, with boundaries on resources, mobility, agency, or time,
there are correspondingly hard limits on how much can be converted into sustenance, surplus, utility
or value, within a specific time-frame determined by the available technology, energy, politics and
economics for a specific point in history. Ehrlich was correct with regards to famine, albeit on a
regional and diminishing scale, which did occur in several countries over the 1970s and 1980s, being
partly due to population growth outstripping food production. This occurred due to productivity limits,
climate variability, as well as human factors such as conflict and economics. Improvements in the
provision of humanitarian aid, and instruments of international politics, were used to improve the
situation in several countries and further famine was averted.
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1.1.10. When Ehrlich discusses shortages, it is a broad definition that suggests that the shortage is a
result of imbalance between demand and supply, with demand dominated by absolute population x
consumption, and constriction of supply determined by any number of stressors. The assumption is
made that a reduction in population x consumption, will alleviate the problem of insufficient supply,
irrespective of the cause of contraction. Through this reasoning Ehrlich can always claim to be correct
if there is ever famine or malnourishment, even if it is caused by conflict or climate. A safe limit to
absolute population number is therefore analogous to insurance, which is the reserving of spare
environmental, resource or productivity capacity to deal with future conditions and uncertainty. This
then raises the question of how much capacity is sufficient insurance, and what is our current state.
Ecological footprint analysis suggest that we are currently consuming and polluting at a rate that
would require 1.7 planets to be sustainable. Hence, we appear to have no insurance in the long run,
and we are rapidly eating into our principle, i.e. natural capital, which makes the warnings from the
Population Bomb still relevant.
1.1.11. Ehrlich clearly articulate qualifiers to his predictions, for example he does not say that the
whole world will collapse into famine, but instead that we will not be able to feed all of the world,
thus implying there will likely be some regions suffering malnutrition whilst others do not, as was the
case in the 1970s and continues to this day. Secondly, he refers to stretch programs intended to
expand the carrying capacity of the earth through existing and new technologies, as well as
distribution and equalisation of food and resources, and that these would be temporary strategies
until population growth was controlled. Thus, he is explicit that catastrophe lays ahead for some
countries or groups if they stay on the current, i.e. 1968, course. What was missing from his analysis
was either a sufficient appreciation for, or faith in, the ability of technology, politics, economics,
culture, or even just fortunate timing, to avert crisis, be that speculatively in the short term and
emphatically in the longer term, unless population growth was curbed. Due to technologies,
interventions and demographics, global food production did out-pace population growth through till
present, Image 3.

Image 3: World food production as a proportion of population growth.5
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1.1.12. The principle technological innovations, especially for India, are associated with the Green
Revolution. This saw increased planting of higher yielding and more resilient crops, increased
mechanisation, irrigation, fertiliser, and agricultural chemical use, along with commercially
rationalised ownership (to some degree), production, and distribution systems. The rise in per capita
food production, however, was slower in some countries than others. In India, food production per
capita did not start to rise until the early 1980s and regional famines occurred. Yet by 2009, Indian
food production was 3.6 times greater than 1961, while population was only 2.6 times greater, i.e. in
2009 food per capita was 37% above 1961.6 Complementing this, in 2009 the population growth rate
in India dropped from 2.3%ann in 1980 to 1.4%ann. However, the situation in Sub-Saharan Africa did
not improve. The high point for food production per capita was in the early 1970s, after which
population growth outpaced gains, despite food production increasing 3.4 times between 1961 and
2009. Thus, his prediction did come true and famine was experienced in Sub Saharan Africa.
1.1.13. It should be noted that Ehrlich remains unrepentant with respect to his predictions and says
that if he were to write the book today, he would sound an even more urgent alarm.7 The principle
reason for this is that the Green Revolution, and complementary technologies that allowed global food
production to grow faster than population, are built on fragile foundations that almost all
environmental scientist argue are unsustainable. It is akin to mining the earth, the resource base is
degrading and ultimately the ability to maintain present rates of extraction and waste removal are
limited, thus, if we stay on this course. It is, however, acknowledged that with only a few exceptions,
the Green Revolution and other strategies worked and continue to do so in feeding the global
population, but sustainable it is not. Whilst population continues to grow it must be questioned how
long will Ehrlich’s stretch strategies last.
Perhaps the biggest barrier to acceptance of the central arguments of “The Bomb” was–and
still is–an unwillingness of the vast majority of people to do simple math and take seriously the
problems of exponential growth. This is not just the man in the street – it includes individuals
who otherwise might be considered highly educated. A classic example was the statement by
a professor of business administration, specializing in mail-order marketing, Julian Simon, who
found prominence as a critic of environmental science: “We now have in our hands – in our
libraries, really – the technology to feed, clothe, and supply energy to an ever-growing
population for the next 7 billion years” (Myers and Simon 1994, p. 65)5 . In 1994, when that
was written, the world population was growing at 1.4 percent annually. At that rate it would
only take some 6000 years for the mass of the human population to equal the mass of the
universe…
Much of the negative response to The Population Bomb, from both the far right and the far
left, was clearly a reaction to its main message – that it can be a very bad thing to have more
than a certain number of people alive at the same time, that Earth has a finite carrying
capacity, and that the future of civilization was in grave doubt…
Perhaps the most serious flaw in “The Bomb” was that it was much too optimistic about the
future. When it was written, carbon dioxide was thought to be the only gas whose greenhouse
effect might cause serious global heating (the roles of methane, nitrous oxide, and
chlorofluorocarbons were not recognized until a decade or so later)…
The biggest tactical error in “The Bomb” was the use of scenarios, stories designed to help one
think about the future. Although we clearly stated that they were not predictions and that “we
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can be sure that none of them will come true as stated,’ (p. 72) – their failure to occur is often
cited as a failure of prediction. In honesty, the scenarios were way off, especially in their timing
(we underestimated the resilience of the world system). But they did deal with future issues
that people in 1968 should have been thinking about – famines, plagues, water shortages,
armed international interventions by the United States, and nuclear winter… all events that
have occurred or now still threaten.8

1.1.14. The strategies for averting famine also followed Ehrlich recommendations, including both
passive and active controls over population growth. Not only did the growth rate decline, but society
became more cognisant and protective of natural and agricultural environments. There was also an
increase in the transfer of knowledge, technologies, and the timely distribution of food and
humanitarian aid. These are all examples of his refence to stretch technologies. Through to 2015 most
indexes for quality of life, e.g. the human development index (HDI), were improving across the world,
see Image 4. Hence, many critics of limits to human expansion can cite recent history as an example
of human ingenuity, and they would be correct, but only in their observation of improvement, not in
its ability to continue, that is the realm of the scientists whom are issuing warnings.

Image 4: Historic series of Index of Human Development for select group of countries.

1.1.15. Around the world governments did administer population controls, especially in China. This
began in the 1960s with a low-coercion two-child policy, in 1979 a high-coercion one-child policy, and
then a return to a two-child policy in 2016. Without such population controls in China, and several
other countries over this period, the ability of world food production to keep pace with population
growth would have been questionable.
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Without a rapid decline in fertility, China's economy would not have grown by 7-8% a year over
the past decade [to 2006]; such growth has lifted an unprecedented 150 million people out of
abject poverty. Could China ever have achieved the same results without the one child policy?
Possibly. Between 1952 and 1979, the Chinese total fertility rate fell from 6.5 to 2.75, and
today all age groups and social classes prefer to have two children or fewer. Some western
commentators believe China over-reacted, whereas others emphasise that even small changes
in the timing of a decline in fertility are important. The difference between a total fertility rate
of 2.1, which might have been achieved without the policy, and a total fertility rate of 1.6
(found today) releases 24% more resources for the family and national investment. The Indian
economy has begun to grow rapidly, but unlike China the decline in fertility has been uneven,
and states such as Bihar and Uttar Pradesh (total fertility rates of 4.4 and 4.8) remain mired in
poverty.9
1.1.16. If we look at food per capita projections made in 2006, and again in 2020, it seems that
criticism of Ehrlich’s argument may have been both premature and unfair, see below. To be sure, the
popularised view of the scale of predicted catastrophe did not eventuate (although that depends on
your interpretation) within his forecast time frame, e.g. unless you were born in Ethiopia 1983–85 or
similar. To a large part it did not eventuate because of changes in model conditions, including
agricultural technologies, birth control, and socio-economic incentives. Hence, in the absence of
further world-changing technologies, social policies and demographic shifts, a dystopian population
bomb for some, or possibly all, may still lay down a future path unless we create insurance, e.g.
investing in natural capital and reducing population where possible.
1.1.17. Despite growth decline, by 2050 there will be around 10 billion people, and they will eat on
average 12% more than they did in 2000, with protein sourced from meat and poultry expected to
double. Hence, that means global food consumption will need to rise by around 70% from year 2000.
Furthermore, all this needs to be done on a rapidly shrinking portion of arable land per capita, fresh
water per capita, and shrinking areas for ecological reserve.10
The Chinese demographic crisis arose because between 1960 and 1973 the population grew
by 2% or more each year. Today, the whole of sub-Saharan Africa, along with Pakistan, Iraq,
Afghanistan, and the Philippines, have population growth rates of at least 2%. Between now
and 2050 the population of Niger, West Africa, is projected to grow fivefold from 14 to 53
million. As the World Bank acknowledges, without a rapid decline in fertility, tens of millions
of Nigeriens will be uneducated, unemployed, and desperately poor; they will either starve or
be fed by Western humanitarian aid.11 [It would appear that the World Bank now agrees with
Ehrlich]
According to “The State of Food Security and Nutrition in the World 2020” United Nations
… 9.7 percent of the world population… was exposed to severe levels of food insecurity in 2019.
In all regions of the world except Northern America and Europe, the prevalence of severe food
insecurity has increased from 2014 to 2019… While the 746 million people facing severe food
insecurity are of utmost concern, an additional 16 percent of the world population, or more
than 1.25 billion people, have experienced food insecurity at moderate levels. People who are
moderately food insecure do not have regular access to nutritious and sufficient food, even if
not necessarily suffering from hunger… The prevalence of both moderate and severe levels of
9

food insecurity… is estimated to be 25.9 percent in 2019 for the world as a whole. This
translates into a total of 2 billion people. Total food insecurity (moderate or severe) has
consistently increased at the global level since 2014… In terms of the distribution of total food
insecure (moderate or severe) people in the world, out of the 2 billion people suffering from
food insecurity, 1.03 billion are in Asia, 675 million in Africa, 205 million in Latin America and
the Caribbean, 88 million in Northern America and Europe, and 5.9 million in Oceania.12

1.1.18. Thus, despite massive and unrestrained application of the full suite of modern technologies,
the only endowment of fossil fuels we will ever have at +10 calories expended for every 1 calorie of
food created, relative peace, stability and cooperation, a relatively stable global economic order, and
a relatively benign and predictable climate, still over one quarter of the global population face food
insecurity in 2020. The global food surplus annual carry-over doggedly remains at around 60 days. This
fragile situation will be compounded by future contractions in boundary conditions that will include
the ongoing decline in wild fish and forest stocks, loss of top soil and decline in the fertility of
agricultural land13, in depletion of feedstocks for fertilizer and energy, and most concerning, a
changing climate across large areas of the world’s rain-fed grazing and broadacre cropping zones,
including Australia.
1.1.19. There is a constant chorus of critics arguing against Ehrlich’s Neo-Malthusianism or Meadows
(1976) Limits to Growth. Yet lacking nuance, they cite imaginary predictions that didn’t come true, e.g.
the World didn’t starve, and attribute this to human ingenuity liberated through capitalism, and cheer
that humans have escaped the Malthusian Trap, and that the global community as a whole will never
experience shortage, technological decline or civil regression, even if some people somewhere will
though their own fault. They beam optimism whilst their critics are labelled pessimists. However, what
needs to be considered are timeframes, e.g. being fed for how much longer and the sustainability and
legacy the of props, patches, and perceived solutions, that support their arguments. Continued
population growth presents a serious future risk.
1.1.20. If we look at “Future Babble” by Dan Gardner (2011), he lists false predictions, based on the
premise that these were the scientific or expert consensus, however, most were not. In many cases
they were political, media, minority or popularised prognostications that contained little scientific
rigour. For example, he quotes pre-WWI journalist H.N. Norman and other “experts” declaring, “It is
as certain as anything in politics can be, that the frontiers of our modern national states are finally
drawn. My own belief is that there will be no more wars among the six Great Powers.”14 This is followed
by H.G. Wells (1914) describing WWI as “The War That Will End War”, whilst others have quoted
Neville Chamberland (1938) “Peace for our time”, with respect to pre-WWII relations with Nazi
Germany. None of these statements were grounded in political or social science academic rigour or
enjoyed expert consensus. Instead they were political rhetoric or prosaic wish-casting. With the
benefit of hindsight these forecasts can be seen as naïve and ridiculous, being based on immediate
circumstances as opposed to tong-term patterns and trends. Hence, although they serve the purpose
of Gardner’s argument to not trust “so called” experts, they are not exampling of experts, thus he
does a disservice to credible academic institutions and peer-reviewed research. This is a repeated
theme through till today, often beginning with the faceless uncredentialed introduction “they say…”,
but it is very important to be critical and ask, who actually are “they”.
1.1.21. Gardner also criticises resource decline alarmists such as Ehrlich and others, specifically
relating to oil. Indeed, many have criticised what has come to be referred to as Peak Oil. Oil production
10

follows a sequence of discovery, coming on-stream, peak production and then decline, until what
remains is uneconomical to produce, either by virtue of diminished flow rate or the cost and impacts
of technologies required to access remaining deposits. This part of the peak oil argument is
demonstrated fact and is applicable to any non-renewable resource; it is why gold or coal mines are
abandoned when worked-out, i.e. economically depleted, or they are shuttered in anticipation of
more favourable economic conditions in the future. It is a different question to ask if the oil industry
will be permitted to use less socially desirable methods to get more oil, e.g. fracking or drilling in
environmentally sensitive areas. Hence, when this occurs, we are no longer talking about the peak of
conventional oil. Instead it becomes, how much oil can we get from a range of sources if we change
the rules.
1.1.22. Gardner cites President Jimmy Carter to make his point about wrong predictions where Carter
suggested that oil prices would continue to rise and this would destroy the American way of life, but
claims that he was spectacularly wrong because crude oil prices collapsed in the 1980s and early
1990s.

In 1977, President Jimmy Carter called for the “moral equivalent of war” to shift the American
economy off oil because, he said, the production of oil would soon fail to keep up with demand.
When that happened, oil prices would soar and never come down again — the American
economy would be devastated and the American dream would turn brown and die like an
unwatered suburban lawn. Eight years later, oil prices fell through the floor. They stayed low
for two decades.15

Firstly, Carter’ suggestion that high oil prices would destroy America’s way of life was certainly true
based on the structure of the American economy in the 1970-80s and is probably still true today. In
actuality the price of oil did go up for the American public, it’s just that it was not reflected in the cost
at the pump. Instead it got distributed into taxes, lives lost, countries destroyed, the suppression of
developing countries, unchecked environmental externalities, but mostly through deferred cost, as
the West pursued economic growth and corporate profits. Again, time frame is important. If oil supply
and price are maintained by virtue of current market distortion, then in time the correction will be
proportional, as is economic lore.
1.1.23. Carter’s speech must also be interpreted in the context of the global and domestic economy
as well as international and domestic politics, and with respect to his full policy proposal, typically
ignored by critics. Starting in the 1960s and of dramatic consequence in the 1970s, OPEC members
nationalised oil reserves and production, thus gaining significant control over exploration, production,
increased foreign policy leverage, and in so doing breaking the international and vertical integration
of the cadre of seven private owned oil majors dominated by American and British companies16. Thus,
America lost significant control of its economic destiny, and when OPEC cut production 25% over 6
months beginning October 1973, and embargoed Israel’s allies, including the US, the result was a
global oil shortage, price spikes and a multi-year recession that resulted in stagflation. Carters speech
was delivered in April 1977, a time when political unrest was on the rise in Iran, till then a significant
oil producer within the American sphere of influence. The Iranian Revolution occurred 9 months later,
further disrupting oil markets, and causing the higher prices and disruptions of the second oil shock.
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1.1.24. Conventional oil production in the US had peaked in 1970 and mature fields were declining at
the same time as demand was rising. This dramatically increased America’s reliance on imported oil,
almost doubling between 1970-73. Further exacerbating the problem, growth in domestic demand
was stimulated, and efficiency or substitution was disincentivised, when President Richard Nixon
implemented an oil price ceiling between 1971-73, thus making cheaper imports more attractive and
a disincentive for domestic exploration, development and production. Consequently, America’s
obsession with muscle cars and long-distance travel did not get tempered by market pressure relative
to the reality of their national oil sufficiency position, unlike Europe and Japan. Finally, two of the
West’s most productive provinces in the age of oil had either not come online or were only beginning
production, respectively Alaska (1977) and North Sea (1976), and at this stage they were of untested
productivity. In summary, over the decade leading to Carter’s speech, America faced rapidly declining
production, rapidly rising demand, instantaneous and deep economic disruption due to oil’s
inelasticity, a rapid growth in dependence on imports, an increasingly hostile and unpredictable
geopolitical environment including potential loss of unaligned nations to the Soviet sphere of
influence, and a US decline in global market and political influence; and all this in the shadow of
America’s defeat in Vietnam.
1.1.25. The US took the threat to its oil supply so seriously that in January 1980 it announced the
Carter Doctrine, being the willingness to use military force to ensure it continued to received vital oil
supplies from the Persian Gulf, later put into effect in the first and second Gulf Wars. It must also be
acknowledged that Carter was a politician, thus public statements are not based exclusively on
science, sound economics, or even the greater public good, and are presumed to be shaped by
competing agendas, ideology and the intent to persuade the public with emotion and sensationalism.
There can also be no doubt that in some quarters Carter was advised to let markets solve the problem,
indeed as President Ronald Regan his successor said in January 1981, "In this present crisis,
government is not the solution to our problems; government is the problem." Reagan initiated new
economic and foreign policy strategies that have since taken the world along a different path. His
policies resulted in greater liberty, profitability and less oversight for corporations and the financial
elite, resulting in the heady days of the 1980s corporate excesses and the credo “greed is good”. Some
have suggested that the decade of oil crisis, stagflation and labour disputes, was part of a grand longgame strategy to alter the trajectory of political and economic systems in the West. And further, that
Carter and the American labour unions, British Prime Ministers Harrold Wilson and James Callaghan
and the UK labour unions, and even Australian Prime Minister Gough Whitlam, represented or rode
the groundswell of populous empowerment and aspiration that needed to be blunted less
egalitarianism challenged establishment elite power, discussed further in Chapter 4.
1.1.26. If we look at the broader policy statement within which Carter’s quote was lifted, it appears
that Gardner has taken it out of context. Carter’s intention was to, "cut in half the portion of United
States oil, which is imported, from a potential level of 16 million barrels [forecast for 1985] to six
million barrels a day [1973 level]." Based on the then recent history, conditions, and projections, this
appears a prudent policy for that time and circumstances. Of course, in the 1980s and 1990s,
technology changed, as did the global and national economy and international politics. The Soviet
Union collapsed, China embraced capitalism, indeed Carter normalised relations with China and used
the Camp David Accord to decrease hostility in the Middle East which was the origin of the first oil
shock, and the internet and mobile phones appeared. The oil shocks and subsequent price rises
dramatically improved vehicle fleet efficiency, created an opportunity for smaller fuel-efficient
Japanese and European vehicle manufacturers to enter the American market, and stimulated oil
exploration and production globally.
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1.1.27. The decline in global demand for oil also caused an oil glut forcing producers to lower prices,
lift embargoes and to pump more oil to increase revenue for their developing economies. This is the
principle reason oil prices dropped so dramatically. The US-OPEC petrodollar system was created
whereby profits were cycled back through US and UK financial systems, and often re-invested in OPEC
countries, primarily through grandiose construction projects and arms sales, benefitting US and UK
companies. Thus, US and UK corporations and financial systems strategically manoeuvred to reestablish profitability and hegemon over global energy markets despite the wave of OPEC
nationalisations. Many of these factors were difficult to forecast in 1977 and there was perhaps a
50/50 chance of events not working out as they did in the 1980s. Indeed, there may have even been
a nuclear war that would have change all reality. Given economic and strategic considerations it would
have been an unacceptably high risk to continue with the economy-depressing high-price and insecure
foreign oil. Thus, if you wanted the American public to voluntarily change behaviour, what else would
you tell them other than what Carter did?
1.1.28. Carters strategy included:
•
•
•
•
•
•
•

government created Department of Energy and built Strategic Petroleum Reserve
energy conservation and healthy economy through efficiency, “Conservation is the quickest,
cheapest, most practical source of energy”
to pursue energy self-sufficiency
spread the burden and sacrifice to conserve and diversify across all sectors
prices should generally reflect the true replacement costs of energy
rationalise energy mix, including using abundant coal or nuclear over scarce oil and gas
develop unconventional sources of energy to use in the next century

Carters goals included:
•
•
•
•
•

Reduce the annual growth rate in energy demand to less than two percent
Reduce gasoline consumption by ten percent below its current level
Cut in half the portion of United States oil which is imported
Insulate 90 percent of American homes and all new buildings
Use solar energy in more than 2.5 million houses [represented ~3% of nation]

By today’s standards Carter’s warning and the policies that ensued appear progressive, fiscally, and
environmentally responsible, in the public good, and the interests of national security. Indeed, current
US and Australian Government energy policy is not, or should not be, so dissimilar. The greater reading
of history suggests that Carter’s argument and warning was tied in with substantial changes in global
relations, introspection of domestic politics in many nations, and economic and cultural reckoning all
which contributed to the lower oil prices of the 1980s and 1990s.17 His warning was an example of if
we continue on this course, and without his warning, global trajectory may have been considerably
different.
1.1.29. Nuclear Armageddon is another subject regularly cited as a false warning. It has been
estimated that today there are currently around 15,000 nuclear weapons across nine countries, with
over 90% held by the US and Russia, at around 4000 each, with some 3,750 on prompt launch hairtrigger alert. The global stockpile reached its maximum of 69,368 in 1986.18 Research suggests that in
an exchange where ~100 weapons are detonated, beyond the immediate destruction of the blast
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zones and radiation fallout, the ensuing nuclear winter would see global agricultural production
decline by 10 to 40 percent for several years. The resulting social unrest and famine may kill hundreds
of millions or perhaps billions. Larger nuclear exchanges, e.g. one quarter of the current stockpile,
would likely result in a complete collapse of society and possibly the eventual extinction of humans.
Thus, warnings on the risk of weapons build-up, proliferation, or withdrawal from negotiations over
such issues that may lead to Nuclear Armageddon, are based in physical and social science. A nuclear
catastrophe has only been averted, and continues to be averted, by luck and the grace of often fickle
and irrational political and military decisions. The operating protocols of the nuclear deterrent strategy
i.e. Mutually Assured Destruction (MAD), in the absence of time or perfect knowledge, are biased
toward pre-emptive and retaliatory measures, i.e. the default position is to launch unless overridden
by rational humans, described using such terms as Launch on Warning and Fail-Deadly. It is unknown
what Artificial Intelligence may decide if given the chance.
1.1.30. Political threats and rhetoric aside, there have been at least 32 publicly acknowledged close
calls, the actual number may be higher.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

5 November 1956 (misinterpreted manoeuvring)
5 October 1960 (misidentification)
24 January 1961 (strategic bomber accident)
24 November 1961 (electronic communication failure)
23 August 1962 (US Bomber in Soviet No-Fly Zone)
24 October 1962 (misidentification, satellite failure)
25 October 1962 (misidentified security breach alert caused by bear)
26 October 1962 (breach of Soviet airspace)
26 October 1962 (US test launch miscommunication)
26 October 1962 (failed security left a Minuteman silo launch ready and unsecured)
27 October 1962 (Soviet submarine commander Arkhipov refused advice to launch)
27 October 1962 (US plane downed defaulting to escalation, but both sides waivered)
28 October 1962 (miscommunication)
28 October 1962 (misidentified satellite)
9 November 1965 (electronic detection failure)
23 May 1967 (misidentification)
21 January 1968 (US bomber crashed but nuclear weapon failed to detonate)
24 October 1973 (Israel would launch if overrun by Arabs in Yom Kippur War)
01 August 1974 (launch orders taken from Nixon due to his mental state)
9 November 1979 (computer software error)
15 March 1980 (misidentification)
03 June 1980 (computer error)
06 June 1980 (computer error)
18 September 1980 (missile silo explosion)
26 September 1983 (misidentification, Soviet Defence Force Lt Col Petrov halted retaliation)
7 November 1983 (misinterpreted manoeuvring)
11 November 1983 (miscommunication)
25 January 1995 (misidentification of Norwegian scientific rocket)

Era of classified data, hence many incidents may not be disclosed.
29. 29 August 2007 (US misroutes six unguarded live nuclear weapons)
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30. 23 October 2010 (US computer error caused loss of control of 50 ICBMs)
31. 01 January 2013 (US, 19 missileers unfit for duty, including using hallucinogenic drugs)
32. 18 March 2016 (150 weapons improperly secured due to illegal drug use)
The annual probability of accidental nuclear war is poorly known, but it certainly isn’t zero: John F.
Kennedy estimated the probability of the Cuban Missile Crisis escalating to war between 33% and
50%, and near-misses keep occurring regularly — probably more frequently than we are aware of:
Although most of these incidents on our timeline were reported by US sources, there is no reason
to believe that the opposing superpower had fewer incidents, or that there have been zero
incidents in China, the UK, France, Israel, India, Pakistan or North Korea. Although some argue that
the superpowers should keep their current nuclear arsenals forever, simple mathematics shows
that nuclear deterrence isn’t a viable long-term strategy unless the risk of accidental nuclear war
can be reduced to zero: Even if the annual risk of global nuclear war is as low as 1%, we’ll probably
have one within a century and almost certainly within a few hundred years. This future nuclear
war would almost certainly take more lives than nuclear deterrence ever saved.19
Given the above list has 32 incidences, and that for the most part it is comprised of de-classified United
States incidents, then it would not be unreasonable to suggest that the full list may be double this
number or more if other countries are included. On that reckoning, it could be suggested that a “close
call” may occur on average once a year, and this calculation is based on an exceptionally peaceful
period in human history. According to The Union of Concerned Scientists the most likely cause of a
nuclear war would be due to an accident, which is exacerbated by new technologies including
hypersonic delivery, nuclear powered delivery systems, artificial intelligence, and small yield tactical
devices. It would not be unreasonable to suggest that the probability of a nuclear close call is greater
than experiencing a car accident in any one year.
With both Russia and China making great advances in their strategic weapons arsenals, the
U.S. must update its nuclear triad or risk the prospect of existing systems needing to be
dismantled due to age — an outcome tantamount to disarmament… Russia's efforts [are
characterised] as an ''explosion in capability,'' that extends beyond a mere recapitalization of
its own triad, and includes nuclear weapons and nuclear-powered weapons that are not
strategic and are non-treaty-accountable. Russia is also developing new kinds of delivery
systems — including hypersonic glide, nuclear-powered cruise and undersea unmanned
nuclear-powered systems… They have new command and control. They have new warning
systems. They have new doctrine. They are exercising [at] a level that we hadn't seen before…
China… is doing much the same thing — but the key difference is that China doesn't talk about
it.20

1.1.31. In January 2020 The Bulletin of Atomic Scientists recalibrated the Doomsday Clock to 100
seconds to midnight, the closest to human catastrophe that it has been since the dawn of the nuclear
age. For reference, in 1991 it was still 17 minutes to midnight.
[In 2020] Humanity continues to face two simultaneous existential dangers—nuclear war and
climate change—that are compounded by a threat multiplier, cyber-enabled information
warfare, that undercuts society’s ability to respond. The international security situation is dire,
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not just because these threats exist, but because world leaders have allowed the international
political infrastructure for managing them to erode… In the nuclear realm, national leaders
have ended or undermined several major arms control treaties and negotiations during the
last year, creating an environment conducive to a renewed nuclear arms race, to the
proliferation of nuclear weapons, and to lowered barriers to nuclear war. Political conflicts
regarding nuclear programs in Iran and North Korea remain unresolved and are, if anything,
worsening. US-Russia cooperation on arms control and disarmament is all but nonexistent…
the international security situation is now more dangerous than it has ever been, even at the
height of the Cold War… Civilization-ending nuclear war—whether started by design, blunder,
or simple miscommunication—is a genuine possibility. 21
Given that the institute issuing this warning is the peak body for some of the most educated, intelligent
and capable people that have ever existed in the history of humanity, and whom are not known for
having an overt commercial or political agenda, then their statement should be considered of equal
or greater weight than a transient or career politician, or the CEO of a private corporation. Military
advisers are just that, their purpose is to advise on how to achieve military solutions to political
economic problems. There are always other options, and almost all of them are not MAD.
1.1.32. Warnings made by scientist and technology professionals are based on rational fact-based
arguments. They are projections based on history, observation, and all things being equal. The most
unpredictable factor is the human element and the technologies that may be at their disposal and
may be employed in the future. Humans are not exceptional in nature or outside the laws of physics.
Individually and as a species we are stalked by famine, disease, the maleficence of nature, and all too
often by fellow humans. Almost all species that have ever existed on earth are now extinct. The
exceptionalism in humanity is our ability to create and apply practical tools and social technologies to
our benefit. To continue as a species, we must constantly monitor our social and natural environments
and constructs, and then modify our technologies and responses accordingly. Doomsayers and
alarmist are sentinels that warn us of the consequence of hubris, complacency, stupidity, and of the
risk posed by all things being equal, yet too often they suffer Cassandra’s curse.
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1.2. Technology
1.2.1. The modern world is saturated with and totally reliant upon technologies. It is what leverages
this otherwise naked, weak, and irrational ape. Across the epochs very few technologies have made a
profound difference to human trajectory. From the distant past one may include fire, hunting weapons
and agriculture, and more recently electricity, hygiene, or birth control. Most of these technologies
have provided great benefits, at least for those whose genes continue through history, but we have
also been lucky, especially in the modern era. We have managed to find the right technology,
presumably at the right time, and rudimentarily used it in a responsible manner through until the 21st
century. Today, questions could be asked as to the risks posed from the continued use of some
technologies such as fossil fuels, possession of nuclear, biological, or chemical weapons, or the threats
posed to political and economic stability by psychologically augmented media and markets that
promote and rely upon inequality, all impacting social cohesion and human progress.
1.2.2. The philosopher Nick Bostrom has written on the risk posed by artificial super intelligence and
how this could become a pathway to human extinction.22 He also illuminates the risk of technology
more generally and how humans have so far been lucky about what they have discovered and how it
has been used. In “The Vulnerable World Hypothesis”23 (VWH) he uses the example of technologies
being like small balls in a blind lucky-dip urn of ideas and technologies. Most of the balls are white, a
small percentage are grey, and then there are an exceedingly small number that are black. Each time
humans discover or invent a new technology it is akin to retrieving a ball from the urn. A white ball is
benign and benefits humanity, grey balls represent dangerous technologies, but they are somewhat
controllable and do not pose an existential risk, whereas the black balls are highly dangerous to
humanity. He suggests that so far humanity has mostly retrieved white and a small amount of grey,
however, probability suggests that as we keep retrieving balls from the urn, we will sooner or later
retrieve a black ball. Bostrom suggests we are stuck in an underdeveloped and dysfunctional
sociological trap he labels “semi-anarchic” that will eventually be our undoing:
If technological development continues then a set of capabilities will at some point be attained
that make the devastation of civilization extremely likely, unless civilization sufficiently exits
the semi-anarchic default condition. By the ‘semi-anarchic default condition’ I mean a world
order characterized by three features:
1. Limited capacity for preventive policing. States do not have sufficiently reliable means of
real-time surveillance and interception to make it virtually impossible for any individual or
small group within their territory to carry out illegal actions – particularly actions that are very
strongly disfavored (sic) by > 99 per cent of the population. [analogous to world economic
hierarchy]
2. Limited capacity for global governance. There is no reliable mechanism for solving global
coordination problems and protecting global commons – particularly in high-stakes situations
where vital national security interests are involved.
3. Diverse motivations. There is a wide and recognizably human distribution of motives
represented by a large population of actors (at both the individual and state level) – in
particular, there are many actors motivated, to a substantial degree, by perceived self-interest
(e.g. money, power, status, comfort and convenience) and there are some actors (‘the
apocalyptic residual’) who would act in ways that destroy civilization even at high cost to
themselves.24
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1.2.3. He illustrates his point with the example of nuclear technology. When first discovered Leo
Szilard (1933) realised the enormous danger posed by the type of weapons that it could produce. He
persuaded his colleagues not to publish their findings for fear of the destructive potential that could
be unleashed upon the earth, and then he and Einstein discussed the conundrum with President
Franklin D. Roosevelt. It was reasoned that it would be almost impossible to bury this technology, for
someone else was sure to discover it, and they may be in a hostile country. The US military took control
of the technology, promptly built three bombs, and killed outright over 100,000 Japanese civilians and
created another 100,000 casualties, ushering in the nuclear age and the threat of Nuclear
Armageddon.
1.2.4. Before Trinity was detonated in the New Mexico desert, being the first nuclear bomb ever
tested, some scientist we concerned that the phenomenal heat, never previous experienced on earth,
may set fire to the oxygen in the atmosphere killing all life on earth. Scientists were ordered to
calculate the probability, and the results suggested that this was not likely to occur. Fortunately, the
atmosphere did not ignite upon detonation. Nine years later the US trialled a lithium-based
thermonuclear bomb, Castle Bravo. Scientists calculated that the yield would be 6 megatons,
however, upon detonation the yield was 15 megatons. The bomb was 1000 times more powerful than
the one dropped on Hiroshima. Clearly the scientist’s calculations for Castle Bravo were wrong, but
what if it was the other way around and their calculations for Trinity were wrong. Life as we know it
would have end in 1945.
1.2.5. Szilard and others argued for demonstrating the bomb intended for Hiroshima over an
unpopulated area, however, that would not achieve the objectives of the US government. It was not
enough for the world to know that the US had nuclear weapons, but that they were committed to use
them irrespective of the consequences and could and would do this repeatedly. It has been argued
that by 1945 Japan was going through the motions of surrender, that they were a spent force with
insufficient resources to mount a counterattack. The fighting that continued was only in defence of
captured territory, thus even if relying on siege and denial the US would have prevailed, possibly
within months. Further, a demonstration of the bomb over an unpopulated area may have been
enough to force their hand. The ascension of President Harry Truman, however, determined the action
that would be taken. When the war ended many of the scientists connected with the development of
atomic weapons argued for an institution like the United Nations to control nuclear technologies, but
this did not happen, instead an unregulated nuclear arms race ensued. After giving over the nuclear
technology scientists had little influence over government policy. Subsequently many became active
in the nuclear disarmament movement, and some created the Doomsday Clock which is perhaps the
one true analogue gauge of human insanity.
1.2.6. Yet Bostrom classes nuclear technology as a grey ball not a black ball. He proposes what if it
were discovered that a nuclear yield explosion could be created from common items and perhaps a
team of five people working for six months? And furthermore, that such a technology only required a
rudimentary understanding of physics and chemistry. Hence, all countries could have stockpiles of
weapons, as well as corporations, special interest groups, criminals, or terrorists. If such a technology
were to be discovered, how could it be controlled. The choice would be to either have 24-hour
surveillance over every person on the planet under a coordinated planet-wide benevolent institution
that has never existed in human history, i.e. a la anti-Orwellian. Or the alternative is to have all
knowledge destroyed so that no one could stumble upon the formula in the future. Both precautions
are ridiculous yet without one or the other, the world would likely be destroyed.
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1.2.7. Another example of a black ball technology is biology and genetics whereby artificial or
augmented humans, or some highly contagious pathogen is created, as seen in zombie apocalypse
movies. As with the nuclear scenario, the ingredients may be readily available, the technology and
process manageable by small groups with rudimentary expertise. Furthermore, the pathogen once
released could then mutate. The spread may be so rapid that there is no time to develop a vaccine or
immunity. Nature is constantly working on this very mission; however, human ingenuity may make it
more contagious, rapid, and lethal. Imagine now that the creator of the pathogen also possessed an
antidote but does not make this available. Thus, after the virus had done its work, any inoculated
group would inherit the earth, not unlike a James Bond plot. It could be speculated that if Hitler
possessed such a technology, that he may have deployed it. Modern advances in biotechnology make
this scenario credible, perhaps not today, but maybe not too far into the future.
1.2.8. Artificial intelligence (AI) also poses a threat not unlike a pathogen, and the voices expressing
the greatest concern comes from those well credentialed in computer science and information
technology, not luddites25. AI does not necessarily refer to the physical computer or pre-written
software code that we are familiar with today. AI would best be served inhabiting the internet and
harvesting its vast resources; indeed, it may already be in existence, lurking and evolving. The
intelligence aspect enables the AI to adapt and evolve for the purpose of performing a desired task.
The fear is that in time, AI will become more intelligent than humans, and will perceive humans as
either redundant or as a threat. Even a somewhat contained AI may find ways to break-out and
perhaps co-opt secondary resources to achieve its ends, e.g. taking over non-AI computer systems or
forming alliances with other AI systems, monitoring surveillance cameras and other tracking tools,
controlling power grids, telecommunications, financial systems, or transport network. It may be overt
or covert. The survival criteria for an AI may be as simple as just its ability to exist, thus it may consider
it logical to remove all known threat and inhabit a single device, the point being, it may not need the
complex world that exists to support humans, it may not require social contact or have any perception
of the destruction it may cause. Such an entity cannot be reasoned with as one would reason with
another human. Humans are weaker than tigers, but we are smarter, hence we use technology to drug
them and put them in cages. Humans are stronger than AI, but if AI is smarter, it may metaphorically
drug us and put us in a cage.
1.2.9. AI may also be developed by nefarious states or individuals and from its inception be designed
to be hostile to a specific, or a general, perceived human threat. This could further be integrated with
weapons systems from nuclear missiles through to insect sized drones. There is a concern that once
such an AI were created, it could target specific people or populations, and it could also begin acting
outside of its original design parameters, transitioning from servant to master. A solar powered
networked swarm of insect sized microdrone scattered across a landscape could lurk for years not
unlike intelligent and battle-space-aware land mines. Such weapons could covertly access homes or
fortified military installations for the purpose of spying, calling in strikes or killing in other ways. The
hardware, and presumably the software, already exists to achieve this, it is only the capabilities of the
autonomous central brain, i.e. the AI, that is still under development. It is suggested that AI, and all AI
controllable technologies, are dangerous because they will be in the hands of humans, and most
probably the militant types. It may be possible that third-parties hack or compromise otherwise useful
and benevolent AI systems, thus bypassing the development time, or any rigour, oversight, and
responsibility. Regardless of who creates the AI and its appendages, it is suggested that AI will be even
more dangerous when it becomes aware and escapes from those human controllers to achieve full
autonomy and sustainability.
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1.2.10. The risk from AI may be less sensational and apocalyptic but rather insidious, bureaucratic,
and debilitating. Government and the private sector could progressively integrate AI into all aspects
of economic and civic life. Using more advanced algorithms than today to profile individuals or whole
cohorts, shaping their reality, their thinking, and determining the direction of their lives. Decision
making may be taken out of human hands, which may be from the best of intentions, but over time
this may have dangerous economic and social consequences.
1.2.11. Advanced computing, automation and construction technologies including AI, and nano, offer
enormous opportunity for human development, as can already be seen in business, education and
research, medicine, and manufacturing. Visions of a Utopian world have typically had people relieved
of drudgery and hard, long, dangerous, repetitive work. Autonomous thinking technologies may be
essential for advancing human progress and may be a prerequisite for colonising beyond earth.
Unfortunately, however, this is an area where one of Bostrom’s black balls may be lurking. The systems
that support 8 billion people are fragile and easily co-opted. The internet is no longer a more efficient
technology for communicating, it has become humanities arteries and vital organs. But unlike the
biology of the human body, it does not have an automatic, evolving, and responsive immune system
finely that has been tuned over millions of years.
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1.3.

All things being equal

1.3.1. History contains two types of people, those that make it and those that endure it. If we use a
ship analogy, and human history is an ancient galley, then 99% of all those who have ever lived are
chained to the oars, and the remaining 1% hold the rudder, beat the drum, and shout the orders. The
ship slews and changes pace as the oars fall in and out of synchronisation. The 99% concentrate only
on rowing, and if they stop, they will be thrown overboard. They seldom question the hierarchy
because those who shout orders and beat the drum appear selected from amongst the oars people
and are believed to be the best of the oars people. The oars people do not know who controls the
rudder or what course has been plotted, they can barely see over the sides of the boat, so instead
they look at pictures in front of them and listen to the voice from behind. From time to time they
organise and overthrow the pilot, installing another in their place. Those with the rudder believe they
know where they are going, go where they want to go, and steer the ship accordingly. They also know
the oars people; they know them intimately and have their measure.
1.3.2. Some who study future risk propose four possible trajectories for human civilisation, see
Image 5.26
•
•
•
•

Status quo trajectories, in which human civilization persists in a state broadly like its current
state into the distant future
Catastrophe trajectories, in which one or more events cause significant harm to human
civilization
Technological transformation trajectories, in which radical technological breakthroughs put
human civilization on a fundamentally different course
Astronomical trajectories, in which human civilization expands beyond its home planet and
into the accessible portions of the cosmos

Although status quo is a fuzzy concept because technology and society is always evolving, it is assumed
that there is no new technology that fundamentally changes the trajectory of humanity, especially
with regards to the power relationships within society, and between people and the planet. It is argued
that due to the current unsustainable position humanity finds itself in, and the potential risks looming
large on the horizon, such as climate change or nuclear conflict, then status quo is the least probable
future for humanity. The timing of onset, be that crisis or radical course correction, may determine
which options remain available and the alternative path that is taken.
Perhaps we underestimate the durability of the status quo civilization. Perhaps past upheavals
are no longer applicable. Perhaps current civilization is highly resilient to a range of
catastrophes and/or agile at avoiding them. Perhaps radical technological breakthroughs and
space travel will prove elusive. In that case, the status quo could hold for a long time. But it
would seem at least as possible to overestimate the durability of the status quo civilization,
given our present vantage point from within it. Our civilization seems quite robust, given its
current dominant position on Earth. But this perspective may be biased by the fact that we are
within the status quo. Indeed, our status quo world may be less durable and more historically
and environmentally contingent than it would seem, including our international relations, our
civilization, and our very existence. Thus, while we cannot rule out the long-term viability of
status quo trajectories, other trajectories appear more likely.27
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1.3.3. Catastrophic trajectories can either be immediate as with an asteroid collision, nuclear war,
or super volcano, or they could be long and drawn-out as with pandemic or toxic incident, or persistent
and growing famine resulting from climate change. The catastrophe may be the complete
disappearance of humans, or a sub-extinction scenario where civilisation regresses to a more primitive
size and state.

Image 5: Schematic of future scenarios including Status Quo, Catastrophe, Technological Transformation, and Astronomical.28

It is reasoned that catastrophe scenarios can create conditions or feedbacks that act as barriers to
recovery which in turn may expose civilisation to successive extinction risk along an alternative future
timeline. What is currently taken for granted under the status quo may no longer be available in the
future, including political representation, industry, mass production, or even agriculture. Each
emerged in history due to a combination of specific and favourable circumstances that may not
recombine in the future. Furthermore, much of human development was layered, hence progressing
back to the status quo may require repeating developmental stages in civilisation’s history. Depending
on the nature and speed of catastrophe, it cannot be assumed that future generations will have the
knowledge, skills, specialisation, labour force, economy, or resources that we take for granted today.
On a planet with a foreign, variable, and unpredictable climate, and in the wake of a nuclear war, AI
or political disruption, or a pandemic with a 90% mortality rate, rebuilding civilisation would be a
daunting to near impossible task. It should be noted that within approximately 100 years of European
contact with natives of the Americas, it is estimated that only 10% of the original population remained,
so lethal and thorough were the introduced pathogens, hence there are recent examples for these
apocalyptic scenarios.
Some historical analysis of human genetics suggest that there was a genetic bottleneck of as
few as 1,000 to 3,000 individuals [perhaps in the last 100,000 years]. Isolated bands of perhaps
just 70 humans may have originally colonized both the Americas and Polynesia, suggesting a
minimum viable population of roughly 100 to 500 given a favorable (sic) environment such as
a dedicated refuge for surviving global catastrophes. However, in an unstructured and
potentially inhospitable post-catastrophe environment, such a population may have a low
probability of long-term survival.29
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1.3.4. It must also be considered that post-catastrophe, much of the low-hanging fruit that
supported previous human development is no longer available, including abundant biological
resources such as flora and fauna and in many areas forests and fertile lands, and the depletion of
easily accessed fossil fuels. The industrial revolution in Britain began with timber from the extensive
forests, then as timber became scarce coal was used. The timber may regenerate but the coal will not,
similar could be said for oil and natural gas. Many metals or industrial materials, electronics, or
precision engineered components many no longer be available to fulfil the requirements of the legacy
technologically advanced designs. To rely on modern solar or wind is to assume the continuance of
manufacturing knowledge, labour force coordination, access to raw materials which may be in another
country, and the ability to actually utilize any energy that may be produced. Realistically, a postapocalyptic society is most likely to resemble pre-agriculture hunter gatherers. Over the past 250,000
years it is suggested that humans were as intelligent and organised as they are today, yet they did not
leave examples of sophisticated technologies and civilisation, only impressive cave paintings. It is
argued that raw nature and climate variability are so hostile to human life, let alone civilisation, that
the overwhelming struggle to survive overpowered the nascent dream and practicalities of civilisation.
Thus, the fortuitous collision of circumstances during the early Holocene saw isolated groups of hunter
gatherers synchronously develop agriculture and civilisation. Nature had left the door ajar and humans
rushed through, this is not guaranteed to happen again.
1.3.5. Technological transformation and an astronomical trajectory are typically where humanity
believes it is heading. In large part this is based on faith in the progress of the past few thousand years,
and more so the past 200 years. Yet the technological transformation scenario assumes some major
breakthroughs in technology, and presumed complementary advances in politics, economics, and
culture, such that civilisation becomes sustainable, but is limited to a single planet. The astronomical
trajectory scenario assumes that space colonisation is practical and that humans begin to populate
the galaxy. Should the technology be developed to rapidly travel the vast distances of space, then it is
likely that the spread of humans and the ensuing population growth will be exponential, with each
new colony facing its own unique set of future risk.
1.3.6. Major advances in technology may solve many of the problems that could lead to the
catastrophe trajectory, including the ability to remove CO2 from the atmosphere, produce an
abundance of food without sacrificing the integrity of earth’s biosphere, advances in human health,
and advances in political and economic systems which may minimise inequality, crime and conflict.
Within this future AI may serve humanity in ways not yet imagined, including education, dangerous or
unfulfilling work, and as companions or impartial arbitrators, perhaps even eliminating many roles
humans currently perform in politics and civil administration. In theory, humans could live lives of
complete harmony and pleasure with every need catered for by a vigilant and responsive AI network
through its appendages, somewhat like an anti-Matrix. Some may say that this sounds like a dystopia
of limitless hedonism lacking the ability to stimulate the human spirt. Yet, it would be whatever that
future generation creates and a reflection of their beliefs, values, and aspirations, and on these we
cannot judge.
1.3.7. If it were proposed that there is little evidence to suggest that by its design, and intent, the
status quo will transition toward the technologically advanced and humane civilisation of popular
culture, then this would likely attract harsh criticism. It would also be arguing contrary to the recent
acceleration in human progress. Yet regardless of this a posteriori rationalism, the status quo is clearly
not the trajectory to advanced civilisation because a significantly disruptive trigger for transformation
is required. That trigger may be events, such as a close call with catastrophe that re-aligns human
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efforts toward a more positive future, or it may be a super white ball retrieved from the urn of ideas
and technology that is fortuitously coincidental with circumstances that allow it to spread and take
hold.
1.3.8. Perhaps the most likely scenario within the status quo is that as circumstances deteriorate the
majority become restless and demand a better existence. If sufficiently empowered, resources will be
allocated toward this improvement, but it can be argued based on history that it will only be sufficient
to maintain a version of the status quo. Those who do not have agency will only experience meagre
trickle-down effects, e.g. Sub-Saharan Africa, which in this future may be half the world’s population.
This has been the default operating system of civilisation, therefore the status quo, and it is a highrisk strategy and position. It assumes that the remedial actions, be they for climate change, food
security or deterrents against conflict, are sufficient to hold catastrophe at bay. Unfortunately, data
and history in every realm, despite unprecedented improvements in the HDI and technologies, suggest
that modern human progress is illusory, un-natural and defies gravity. This is the Doomsday Paradox,
being that the better civilisation appears, and the higher it measures on indexes for success (as
currently defined), the more fragile it is becoming and the closer it is to collapse. It does not have to
be like this, but currently it is the case. To escape status quo or catastrophic trajectories, technological
transformation cannot and will not occur until there is a transformation in politics, economics, and
power structures, indeed this may be the very technological transformation (i.e. social) that is
required, and it must precede all others, e.g. like cheap clean energy. Thus, there is an urgent need to
wrestle the rudder from history and its elite descendants, for until that happens, we row the same
course, which is their course, the status quo, which is fraught with future risk, regardless of recent
advances and current technological and social arrogance.
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2. A Changing Climate
Michael Gutteridge
26/11/2020

Rising greenhouse gas typically leads to Global Warming, Climate Change is the consequence.
2.1. The reality of Global Warming
2.1.1. The collective knowledge of humanity concludes beyond any doubt1 that humans are
responsible for changing atmospheric chemistry through liberating additional greenhouse gasses2
(GHG) into the atmosphere resulting in rapid3 atmospheric, surface, and marine4 warming. The
atmospheric GHG process has been known for well over a century, and knowledge of the risk it poses
at the highest levels of government for over 50 years. Every president of the United States since John
F. Kennedy (1961) has been briefed, and since Lyndon B. Johnson (1965) has publicly acknowledged
the threat up to and including Barrack Obama.5 Similar can be said for leaders of most OECD countries
and institutions for research and higher learning including in Australia since at least 1972, and within
the Federal Government since at least 1975.6 The risk of planet-wide, severe, and intergenerational
consequences saw the United Nations take the lead in coordinating and communicating scientific
understanding and making recommendations for an international response.
2.1.2. Frequently the United Nations, and those institutions under its umbrella, including the
Intergovernmental Panel on Climate Change (IPCC), World Meteorology Organisation (WMO), and
United Nations Framework Convention on Climate Change (UNFCCC), are criticised for being on the
political Left, globalist and operating as a coercive, independent and unaccountable political entity
determined to undermine national sovereignty. The reality is quite the opposite, and indeed it has
been reported that the IPCC is consistently constrained by reactionary, nationalist, pro-capitalist,
libertarian, nation state influence.
…the United Nations (as the word nations implies) is an intergovernmental body rather than
a supranational one. It is premised on the political independence of its members, and their
decision to cooperate is an embodiment and an expression of their respective sovereignties.
The “globalist” threat to popular sovereignty, in other words, exists only in the fevered
imaginations of [the US President’s] base. It is a pity that the president is too wedded to this
imagined collision between multilateralism and sovereignty, when the former is in fact
premised on the latter. Indeed, many of the most diehard sovereigntists are to be found
precisely where the president sees “globalists” running amok: the corridors of the United
Nations.7
2.1.3. The IPCC has been criticised by climate scientists that it’s reports and statements use overly
conservative language when describing the evidence for global warming or the expected impacts.8
The wording of reports often gives an impression of some doubt where effectively none exists. It is
suggested that this conservatism is in part due to the degree of sovereign nation political influence
over its public communications. Yet across many indices used by the IPCC, warming is occurring faster,
and impacts are being seen earlier, than had been stated in earlier reporting.9 In contrast, some
politicians and, conservative media criticise the IPCC for overstating warming, impacts, and for being
too alarmist. Presently the objective biophysical observations support the claims of concerned
scientists, and the history of IPCC upward revisions adds weight to their concerns.
1

2.1.4. In 1954, a California Institute of Technology geochemist sent the American Petroleum
Institute (API) a research proposal in which it was reported that fossil fuels had already caused CO2
levels to rise roughly 5% since 1854. Funding was granted but the results were suppressed.10 In 1956
The New York Times ran the story “Warmer Climate on Earth May be Due to More Carbon Dioxide in
the Air”, discussing research published by Gilbert Plass.11 In 1957, acclaimed nuclear physics Edward
Teller warned the American Chemical Society of the danger posed by CO2 emissions from fossil fuels.
The following year M. Matthews of Royal Dutch Shell (Shell) published a misleading rebuttal12; that
ignored Plass’ work, that of oceanographer Roger Revelle, and of chemist Hans Suess, that effectively
undermined Matthew’s, i.e. Shell’s, argument.13
In 1959 Teller briefed the API and US Government officials at the Energy and Man symposium, where
he accurately described global warming and its consequences.
“At present the carbon dioxide in the atmosphere has risen by 2 per cent over normal [assume
310ppm (1940) x 2% = 316ppm in 1958 (was correct, although 280ppm is the pre-industrial
level)]. By 1970, it will be perhaps 4 per cent [i.e. 322ppm actual was 326ppm], by 1980, 8 per
cent [i.e. 335ppm actual was 339ppm], by 1990, 16 per cent [i.e. 360ppm actual was 354ppm],
if we keep on with our exponential rise in the use of purely conventional fuels. By that time,
there will be a serious additional impediment for the radiation leaving the earth. Our planet
will get a little warmer. It is hard to say whether it will be 2 degrees Fahrenheit or only 1 or 5.
[in 2020 it was 1.6F above the 1940 5y average.]”14

In 1965 API President Frank Ikard reported to the API that the rapid growth in, and consequences of,
CO2 emissions would become so serious as to necessitate a transition to alternative fuels.15 Then in
1968 API commissioned Stanford University to investigate the implications of burning fossil fuels with
respect to GHG emissions. The report concluded that earth’s temperature would rapidly rise and there
would likely be severe environmental impacts.16
In 1982 Exxon, and in 1988 Shell, independently modelled the impact of additional CO2 in the
atmosphere. Their findings aligned with the almost unanimous consensus, by then, of the world’s
atmospheric, earth and oceanographic scientists.
Exxon warned of “potentially catastrophic events that must be considered.” Like Shell’s
experts, Exxon’s scientists predicted devastating sea-level rise, and warned that the American
Midwest and other parts of the world could become desert-like. Looking on the bright side, the
company expressed its confidence that “this problem is not as significant to mankind as a
nuclear holocaust or world famine.” 17
Within science, politics, and the fossil fuel industry, the question of global warming resulting from
GHG emissions, and specifically CO2, was settled over 40 years ago, as also was ozone depletion that
resulted in the Montreal Protocol. Since then the evidence makes the proposition irrefutable.
2.1.5. Although many politicians acknowledged the danger publicly, some, primarily those with links
to the fossil fuel industry, pursued policy either openly or discretely, to stall or undermine attempts
to reduce emissions.18 Yet many countries unencumbered by the fossil-fuel industry have achieved
substantial emissions reductions whilst still maintaining economic growth.19 Industries affected by
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emissions reduction policy, and not being limited to the fossil fuel majors,20 have campaigned openly
and covertly to discredit the science and sway public opinion. This included funding think-tanks,
capturing media space, and orchestrating disinformation campaigns.21 They succeeded in shifting the
climate discussion away from science, government, and collective responsibility where it was till that
point, and into the realm of emotion and tribalism though framing designed to questioned the
credibility, consensus and motivation of scientists, politicians, or others that campaigned to reduce
emissions. In so doing they deliberately and effectively polarised opinions on global warming between
Left and Right political ideology22. In some countries they also succeed in regulatory capture, thereby
influencing or controlling those political offices and public institutions intended to monitor and
regulate them.23
…many Republicans politicians, congressional aides, lobbyists and staff believe in the science
of climate change and the need to take action when safely behind closed doors. They are just
waiting for the right political cover to come out in public with their views.24

The political climate schism, however, is completely cynical and artificial. Scrutinized under the light
of rational non-partisan argument, reducing emissions would have no real-world impact on political
agency regardless of leaning.25 Furthermore, it is to no ideologue’s benefit that fossil fuel based
economies are highly distorted due to direct and indirect subsidies (US$4.7 trillion or 6.3 percent of
global GDP), thus grossly inefficient,26 are short-term and unsustainable, and the modus operandi of
the oil oligarchy is to control supply, thus being a significant cause of conflict and human suffering
over the 20th century.27 Objectively, transition to a clean green economy should be as apolitical and
irrefutable as banning asbestos in construction, lead additives in paint and gasoline, thalidomide
during pregnancy or using 2,4,5-Trichlorophenoxyacetic acid (245T) as a herbicide. Doubling GHG
concentrations in the atmosphere is exponentially more dangerous than all those listed above, and
only surpassed by the mass use of biological and nuclear weapons. In the late 20th Century both the
Left and Right of the political spectrum agreed on the urgency to curb emissions, that is until the 2000s
when the issue was deliberately politicised to protect elite profits.28
The most pressing task which faces us at the international level is to negotiate a framework
convention on climate change—a sort of good conduct guide for all nations… Fortunately we
have a model in the action already taken to protect the ozone layer. The Vienna Convention in
1985 and the Montreal Protocol in 1987 established landmarks in international law. They aim
to prevent rather than just cure a global environmental problem… I believe we should aim to
have a convention on global climate change ready by the time the World Conference on
Environment and Development meets in 1992. That will be among the most important
conferences the United Nations has ever held.29 (Margret Thatcher addressing UN 1989)

2.1.6. There is no rational fact-based argument that can counter the international scientific
consensus that anthropogenic GHG is warming the planet, yet un-qualified ideologues and
commercially motivated spruikers are afforded media coverage to sow confusion and doubt, see insert
below. More recently private citizens are accelerating the spread of disinformation, especially via the
internet, under the belief that they are challenging the radical Left or fighting against any number of
shadow conspiracies. Yes, radicals exist on both the Left and Right of politics, and the world really is
plagued by those who conspire, ironically though, it is predominantly the rich and powerful who
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deceive and conspire to maintain advantage, including the major shareholders and beneficiaries of oil,
gas and coal.30
The false logic of climate change denial
Temperature was hotter in the past – irrelevant, and not hotter by much, and most life went extinct.0
CO2 has been higher in the past – irrelevant, has been dropping as the sun gradually gets hotter and was
locked into the crust as limestone and fossil fuel carbon. i
Paleo CO2 and temperature do not exactly synchronise – irrelevant, solar radiation drives temperature, CO2
amplifies heating and buffers cooling. ii
It is caused by the sun – no, sun has always warmed the planet, but currently we should be in cooling phase
due to orbital and procession cycles. ii
It is cosmic radiation – no, this is insignificant, and if it were, we are in a cooling phase. iv
It is volcanos, or lack of volcanos – no, the effects are typically short-lived, local and have a distinct carbon
isotope signature. v
Cannot tell where the CO2 comes from – no, fossil fuel emissions are identified through isotopic ratio, i.e.
smoking gun. vi
Its water vapour and clouds – no, this does not explain observed warming through atmosphere. vii
We are heading for an ice age – irrelevant, possibly in 100,000 years. viii
The science is wrong – no, if it were then all science is wrong i.e. physics, chemistry, biology, and we would
have no modern technology. iX
The computer models are wrong – no, it is not based on them but on historical and current observations.
It is a conspiracy or a hoax – no, it is subject to intensive international academic scrutiny from both friend
and foe.
CO2 is a fertiliser – irrelevant, biology is already optimised for ~280ppm, biological growth drops-off beyond
~500ppm or global average +2oC, some sinks are already reaching CO2 saturation. x
Technology will fix it – questionable, presently we can’t technically or financially solve many of today’s
problems, yet alone much larger ones predicted under climate change.

2.1.7. Consider how illogical it is to suggest global warming is a hoax or conspiracy31, even one
committed by the radical Left who incidentally are not known for their organising skills. The hoax must
be operating in all countries, despite politics, competition or conflict between countries, at all levels
of government, military and civil apparatus, across key industries, and through all levels and faculties
of education and research, and has done so for over 70 years. It must control or tamper with all
atmospheric, biological, cryosphere and marine data, including remote personal weather stations
through to satellites, and that it can melt vast remote expanses of ice, permafrost, and glaciers. Be
capable of intensifying drought and flood, or changing the extent, strength, duration and seasonality
of temperature, wind, and precipitation, and is affecting the distribution and behaviour of plant and
animal life on land and in the oceans.
2.1.8. Further, to accept the hoax or conspiracy argument, consider that long before Al Gore (US
Vice President 1993 - 2001) or James Hansen32 (Director NASA Goddard Institute for Space Studies
1981 - 2013) became the villains for climate conspiracists, US Presidents Truman (Democrat 1945 1953), Eisenhower (Republican 1953 - 1961), and Johnson (Democrat 1963 - 1969), or rogue elements
in their administrations, must have been part of the hoax, in collaboration with fossil fuel industries
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which incidentally stood to lose from such a hoax. Finally, consider that belief in the hoax is only held
by a minority (5-8% of the population)33 of likeminded,34 noncredentialled35, and politically aligned
people. To hold such a belief is beyond politics, conservatism, or paranoia, and bares similarities with
cultist behaviour.36 One can still vehemently oppose Left leaning politics without needing to dismiss
objective nonpartisan science on such a serious issue as global warming.
…Naomi Klein writes of attending a conference of the Heartland Institute [a fossil fuel industry
sponsored climate denial think tank], in which the speakers regularly contradicted each other. She
tries to puzzle out their arguments, asking sarcastically: 'Is there warming, or is there warming but
it's not a problem? And if there's no warming, then what's all this talk about sunspots causing
temperatures to rise? 37
Understanding the structure, funding, linkages, tactics, and goals of the Heartland Institute
(mentioned above), and similar groups, e.g. CATO Institute, Heritage Foundation, American Enterprise
Institute, is key to understanding the public relations and policy creation franchise of elite power
networks. Such an understanding goes a long way to explaining the persistent gridlock in attempts to
reduce emissions and to understand the rhetoric and tactics of many conservative politicians.38
2.1.9. The history and consequences described in Section 2.1 have little to do with human nature,
culture, science communication, conflicting political ideologies, or incompetent politicians, although
they all played a part. Instead, at the core was a deliberate and all-encompassing strategy by wealthy
elites, through corporations they owned and politics they could influence, to maximise profits through
gaining and maintaining control over the world’s energy systems, and the enmeshed financial,
corporate, and military systems. We do not have global warming because “we the people” are greedy
or stupid, this is not a Tragedy of the Commons39 situation. Ninety nine percent of us follow the rules
and trust in leadership, and this is a weakness that is exploited. We have global warming because we
never had the political power we thought we had, and our imaginations, political and economic
systems have for successive generations been shaped and steered to provide an illusion of freedom
and democracy, but only within limits, and toward specific ends. The Tragedy of the Commons is more
likely to exist in the rarefied air of the financial elite. It is they that cannot control their greed and
actions and are not held responsible for the consequences.
“The doctrinal system, which produces what we call “propaganda” when discussing enemies, has
two distinct targets. One target is what’s sometimes called the “political class,” the roughly 20%
of the population that’s relatively educated, more or less articulate, playing some role in decisionmaking. Their acceptance of doctrine is crucial, because they’re in a position to design and
implement policy. Then there’s the other 80% or so of the population. These are Lippmann’s
“spectators of action,” whom he referred to as the “bewildered herd.” They are supposed to follow
orders and keep out of the way of the important people. They’re the target of the real mass media:
the tabloids, the sitcoms, the Super Bowl and so on. These sectors of the doctrinal system serve to
divert the unwashed masses and reinforce the basic social values: passivity, submissiveness to
authority, the overriding virtue of greed and personal gain, lack of concern for others, fear of real
or imagined enemies, etc. The goal is to keep the bewildered herd bewildered. It’s unnecessary for
them to trouble themselves with what’s happening in the world. In fact, it’s undesirable—if they
see too much of reality they may set themselves to change it.”40
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2.2. The reality of Climate Change modelling
2.2.1. It is commonly said meteorologist can’t get the weather forecast right two days ahead, how
can they predict it 50 years ahead. Firstly, regarding local weather forecasting, there is little skill
beyond 15 days.41 This is due to the forecast resolution, the methods being used, and the nature of
what is being forecast. A seven-day forecast is about 80% accurate at scale, i.e. precipitation and wind
average or temperature range (+/-) across the forecast district, typically composed of ~10km2 grids,
and a five-day forecast is about 90% accurate, again at scale.42 Accuracy has steadily improved over
the past 60 years. According to the UK Met Office, public perception of their accuracy is 78.3%, and
the industry average is 74.6%43, hence the public perception is slightly lower than the actual skill.
A measure of our progress is that 92% of the Met Office’s next day temperature forecasts are
accurate within 2 degree C and 91% of the Met Office’s next day wind speed forecasts are
correct within 5 knots… Our inshore waters and shipping forecasts were 97.5% and 94.8%
correct to within 1 Beaufort force category44
Long-range weather forecasting operates at a coarser scale and is intended to predict seasonal
conditions such as the probability of experiencing above or below average temperature or
precipitation, therefore, not daily rainfall or temperature variations. They typically incorporate slow
moving pressure waves that travel around the globe, ocean temperature and currents, and the
consequential direction of prevailing winds, all of which may enhance the chance of particular
weather. Recently improved understanding of large scale oceanic and atmospheric weather drivers
such as ENSO,45 MJO,46 IDP,47 SAM48 have increased skill in forecasting seasonal conditions.
2.2.2. Climate change models are developed to predict new averages, or baselines for seasonal
conditions, and thereafter extrapolations are made to predict potential deviation from the new
normal. A climate model may predict for a 200km grid a new average temperature e.g. +2oC, which
then shifts the probabilities of all the weather potentials likely for that region; note this does not
necessarily mean linearity, see Image 1. Warmer air can hold more water vapor, and changes in
pressure gradients and wind direction can alter intensity and persistence of previously anomalous
conditions. Hence, under climate change the new normal for some regions, may by today’s standards,
be highly abnormal and perhaps highly variable, or conversely variability may decline, e.g. persistent
doldrums and drought.
A 2019 study led by Zeke Hausfather evaluated 17 global surface temperature projections from
climate models in studies published between 1970 and 2007. The authors found "14 out of the
17 model projections indistinguishable from what actually occurred." 49
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Image 1: Schematic showing the effect on extreme temperatures when (a) the mean temperature increases, (b) the variance
increases, and (c) when both the mean and variance increase for a normal distribution of temperature.50
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2.2.3. An example of the changing climate is the amount of precipitation resulting from tropical
cyclones (hurricanes, typhoons). Warmer oceans allow for greater evaporation, a warmer atmosphere
can hold more water, and slower moving storms mean that they will rain for longer over any particular
location along their path.51 Persistence of denser contiguous midlatitude high pressure ridges on the
poleward side of the of the low-latitude Hadley circulation (Hadley Cell), means that tropical cyclones
are slowing as they move poleward. In some cases they can stall, as occurred with Hurricane Harvey,
dropping record rainfall across Texas in 2017. Just north of Houston, 60.58in (153.87mm) of
precipitation fell over 4 days. The previous record for the continental United States was 48in in 1978.
The magnitude of difference is highly significant. When weather records change, it is usually by small
increments, e.g. 0.1 degree or 5-10mm precipitation, thus in the range of a few percentage points, yet
with Harvey it was over 23%.52 Furthermore, phenomenal rainfall totals were widespread across
Texas, which is atypical for record breaking. Compounding a future with slower and wetter cyclones
is that precipitable water is expected to increase by 10% for each 1oC rise. Certainly, there will be
negative feedbacks that reduce rainfall, e.g. slower cyclone speed over water means greater coolwater upwelling that retards the cyclone, yet a cyclone or a procession of cyclones producing 2 metres
of rain in 4 days across an extensive area is well outside of current planning, engineering and
emergency guidelines, or infrastructure.
2.2.4. The physics of climate change are straight forward and can be represented in high school
mathematics, specifically differential equations solving for > heat in (h1) > heat out (h2) > varying with
time (Tn) > relative to fluid on a sphere (L); however, the devil is in the detail.53 It is also where scientific
opinion differs. Those differences, however, are not related to the fundamental premise of global
warming and that it will cause climate to change, but instead about how much it will change by, how
soon it will happen,54 and where and what will be the nature of impacts, e.g. will 10% of species be
extinct in 80 years or 90%, or can humans survive the next two centuries of not. Many of these
questions move away from climate science and toward biological and social science. Modelling the
future not only has to take into account our incomplete knowledge of starting conditions and
boundaries, but also the need to make educated guesses about how variables may change in time due
to natural processes like positive feedback and their triggers,55 interconnectedness56, and the greatest
variable being human behaviour, e.g. will anthropogenic emissions stabilise or continue to rise57, and
will we continue to log and burn large areas of forest.58
2.2.5. Based on historical and current climate and biological trends, thus the thermodynamic and
biological components of an evolving and responsive planet, i.e. Gaia59, and taking into account
historic, current and projected human behaviour, the prognosis is very poor for the Earth’s ability to
support 8-10 billion people for many decades into the future.60 Especially if this is accompanied by an
increase in ecological footprint, being the measure for consumption, throughput, and disturbance
associated with human progress. In September 2018 Secretary General of the United Nations Antonio
Guterres warned that the world is facing “a direct existential threat” from Runaway Greenhouse
unless we rapidly transition away from fossil fuels by 2020.61 We have not, and adequate processes
are still not in place to do so. Is the Secretary General of the United Nations misinformed, alarmist and
delusional, or does he provide an accurate and sober warning based on the best available data?
In November 2019, 11,258 scientists from 153 countries declared a climate emergency, and
warned that “untold human suffering” is unavoidable without deep and lasting shifts in human
activities... Almost three-quarters of the 184 emissions reduction pledges made under the Paris
Agreement are inadequate to slow climate change… the pledges are far too little, too late
(Robert Watson, former chair IPCC, 2019) 62
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2.2.6. The United Nations is the peak body charged with protecting humanity, and they are failing.
This is in no small part due to the political intransigence of fossil fuel producing nations including The
United States and Australia. Ironically, in Australia 58% of people consider climate change a major
threat and 73% rank it as a concern. Similar surveys found that 60% want to phase out coal fired power
stations within the next 20 years, yet the Morrison Government appears to lobby on behalf of the
fossil fuel industry for more coal and gas to be burned, and threaten to bypass state and local
government, and scientific advice, to achieve this even though cost effective zero-emissions
alternatives exist.63
2.2.7. The revised range for global average temperature is +2.6oC to +3.9oC by ~210064. Publication
of this future temperature range gives greater clarity and a reduced upper limit compared to the
previous IPCC range of 1.5oC to 4.5oC. The upper limit for the IPCC range had been contentious because
it was suggested that humans would not have the capacity, or stupidity, to burn sufficient fossil fuels
to achieve the CO2 concentrations required for the 4.5oC by 2100, albeit the emissions/temperature
scenario did not incorporate potential positive feedbacks that may still come into play later this
century and next. There are biophysical pathways through which the temperature could go much
higher, e.g. break-up of stratocumulus clouds at 1,200ppm CO2 could lead to +8oC65, or the potential
for massive methane clathrate/hydrate or wildfire CO2 releases that create a short-live spike that
could trigger other events.66 Regardless, +2.6oC to +3.9oC is actually very bad news. It places minimum
temperature higher and well above what is considered a safe level and into the realm of triggering
positive feedbacks that humans are likely to find unstoppable. If it is presumed that the forecast is of
greater accuracy, then the upper limit of 3.9oC is still squarely in the realm of climate catastrophe.
2.2.8. This upper limit temperature, which may then be amplified by positive feedbacks, has
precedent in Earth’s history. In sequence:
•
•
•
•
•
•
•
•
•

•
•

252mya volcanos ignited coal deposits and liberated vast quantities of CO2 67
Methane68 was released when ocean and permafrost heated69
Nutrients in >40oC equatorial oceans raised marine metabolic rate causing marine O2
to drop by 80%, then high CO2 levels turned the oceans acidic
95% of marine species went extinct, and accumulated on the ocean floor
Oceans became anoxic and euxinic through heat and decomposition70 belching
poisonous hydrogen sulphide gas into the atmosphere
The gas turned to sulphur dioxide causing acid rain, combined with extreme heat,
killed most plant life on Earth, including all trees
70% of terrestrial species went extinct
Sea level change suggests an interim and inexplicable glaciation event71
Before warming event, Earth was only +2oC to +3oC above today and CO2 was
~350ppm (i.e. below today), and Milankovitch orbital cycles comparable with today,
but solar radiation was more than 2% lower. It is also possible that volcanism slowed
the warming process.
In a short time, temperature rose ~+10oC, if we reach +4oC by 2100, then beyond that
+10oC is a possibility due to positive feedbacks, a warmer sun and limited volcanism.
It is unlikely that humanity would survive such an event should it occur in the centuries
to come.
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2.3. What can happen in 80 years?
2.3.1. Given a +4oC temperature increase by 2100 remains within the threat window, it is prudent
to discuss what may occur.72 Any increment below +4oC may be considered a bonus and a stay for
humans and the planet. The IPCC projection for warming, Image 2, is based on the remaining
anthropogenic carbon budget and is illustrative of the potential for overshooting i.e., above +2oC, due
to GHG emissions via unregulated positive feedbacks. According to the IPCC, “[the projection] does
not consider additional Earth system feedbacks such as permafrost thawing. These are uncertain but
estimated to reduce the remaining carbon budget by an order of magnitude of about 100 GtCO2 and
more thereafter. Accounting for such feedbacks would make the carbon budget more applicable for
2100 temperature targets, but would also increase uncertainty…”73 It must be stressed that +4oC is not
inevitable, but it is possible, and that possibility increases the longer we continue on the current
emissions trajectory.

Image 2: IPCC Cumulative carbon dioxide emissions since 1879 (GtCO2).74
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2.3.2. Listed below are scenarios for a +4oC world, often referred to as a Climate Catastrophe:
•

In the absence of financially prohibitive and technologically unprecedented civil, commercial,
and industrial augmentation, the planet’s equatorial latitudes will be uninhabitable for most
of the year due to fatal heat stress, i.e. temperature x humidity x duration75, see Image 3.

•

Australia may see extremes of +10oC above current records,76 i.e. a 45oC heatwave in a capital
city could top 55oC, plus another +5oC for urban heat island effect. This could kill most exposed
wildlife, domestic animals, and people over several hours to days.

•

All land and marine ecosystems will be changing rapidly, many will degrade to ecological
deserts. Large parts of the equatorial latitudes will be uninhabitable for Ice Age adapted
mammal and marine life.77

•

Traditional production and distribution of food will be severely impacted; thus, in the absence
of rapid and radical changes to cropping and grazing, horticulture, industry, economic, and
political systems, the global population may rapidly shrink due to starvation, heat stress,
disease and conflict, some estimates suggest up to 90%.78

•

Nations and civility will be severely strained under the weight of mass migration, selfpreservation, ideological divisions, and full spectrum systems upheaval. This will likely begin
from around +2oC and get worse as temperature rises.

2.3.3. According to the United States National Security, Military, and Intelligence Panel on Climate
Change Threat Assessment, globally:79
•

A near-term scenario of climate change, in which the world warms +1oC to +2°C above preindustrial levels by mid-century, would pose ‘High’ to ‘Very High’ security threats. A mediumto-long term scenario in which the world warms as high as +2oC to +4°C would pose a ‘Very
High’ to ‘Catastrophic’ threat to global and national security.

•

At all levels of warming (+1oC to +4°C) climate change will pose significant and evolving threats
to global security environments, infrastructure, and institutions.

•

While at lower warming thresholds, the most fragile parts of the world are the most at risk,
all regions of the world will face serious implications. High warming scenarios could bring
about catastrophic security impacts across the globe.

•

These threats could come about rapidly, destabilizing the regions and relationships on which
U.S. and international security depend.

•

Climate change will present significant threats to U.S. military missions across all geographic
areas of responsibility (AORs), as well as to regional security institutions and infrastructure
that are critical for maintaining global security.

INDOACOM region including Australia, New Zealand, South East Asia, Japan, China, and India.80
•

Under a near-term, +1oC to +2°C warming scenario, this region will experience water scarcity
in some areas and precipitation inundation in others, posing risks to security infrastructure,
social stability, and tensions between regional powers.

•

Under a medium-to-long term, +2oC to +4°C warming scenario, this region would experience
devastating sea level rise threatening its megacities, infrastructure, and populations, and the
resulting displacement and securitization of state borders.
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Image 3: Equatorial deadly heat map, adapted from Mora, C., et al (2017), “Global risk of deadly heat”, Nature Climate
Change, Vol. 7, pp.501–506. 81

According to the World Bank, “…there is… no certainty that adaptation to a +4°C world is possible…
The projected +4°C warming simply must not be allowed to occur...”, thus given the consequences,
and how close our current trajectory takes us to +4oC, there is no more urgent issue facing humanity.
2.3.4. If global temperatures continue to rise beyond what is considered manageable, i.e. above
+2oC, then over the next 80 years Australia will likely face a range of wicked problems, with some
possibly beginning in the next few decades.
•

Mass migrations: Given the country’s extensive boarder, current limits to surveillance and
interception, and the potential flood of refuges, (the growing populations of Indonesia,
Philippines and Malaysia already exceed 400 million), this will pose a persistent and growing
challenge regardless if they are accepted or rejected. Furthermore, it is presumed that
Australians themselves will be depopulating Northern Australia due to heat stress, thus
further eroding the regions resources. To send refugees back to their place of origin will
require extensive resources and is confounded by ethical dilemmas, amongst them being
should Australia’s southern states, or New Zealand, close their borders like during COVID19.
This scenario will play out globally, and with increasing desperation and hostility. Australia’s
small advantage will be its maritime frontier.

•

Primary Production: Current serviceability of agricultural infrastructure such as dams and
irrigation, or viability of cropping and grazing lands, will likely change, in some cases
dramatically, thus disrupting not only production, supply and economic viability, but wholeof-region viability. This prognosis can also be extended to forestry, fishing, and tourism. A
change in rainfall patterns, including latitude, seasonality and intensity has already begun,
effecting both agriculture and landscape management, e.g. recent extremes in fire and flood.
In a changing world, consumer priorities will also change, thus commodity prices and demand
in discretionary product groups may reflect this. It is unlikely that the future decades will be
analogous to the past, hence, planning and policy must reflect this.

•

Mining Industry: In the coming decades mining of fossil fuels, and perhaps many other
commodities dependent on a flourishing global economic system, could decline and in the
case of the former, may be abandoned altogether. There are public misconceptions
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surrounding the benefit of mining, and especially fossil fuels, to the Australian economy. It
could be argued that Australia may be better off financial and politically if it wound-down
extraction and burning of fossil fuels as quickly as possible, and in the process cut its emissions
and develop new industries, see argument below. Fossil fuel and emissions intensive
industries may have also come to this conclusion; hence there is an industry push to get
taxpayer funding for carbon capture and storage (CCS) which may then be used to justify their
continued operations.82
Energy extractive mining is a highly subsidised small-scale employer, see insert below. Each
job in coal is subsidised by the taxpayer to around $730,000 per year.83 The infrastructure that
it develops is typically task specific and unavailable to the public, and in remote or fly-in flyout (FIFO) circumstances, contributes little to the local economy. In 2016/7 eight out of ten of
the largest fossil fuel producers paid no tax in Australia despite nine of these companies having
revenue around AU$45 billion. Glencore paid just $1,000.84 Royalty and rent cost are often
conflated with tax obligation in public discussion, however, in reality they are just input costs
similar to any other business that requires raw material to on-sell. It is a purchase from the
Australian people and a resource lost to future generations.85 The Australian mining industry
is 76-83% foreign owned with most profits repatriated overseas, and many financial
transaction occurring outside Australian jurisdiction.86 In total, revenues equate to less than
10% of Australia’s GDP.
The Minerals Council, the peak body for the mining industry, spent $22 million, and was
greatly assisted by News Corp media87, in attacking the Resource Super Profits Tax (RSPT) that
would have netted the Australian taxpayer $200 billion whilst allowing miners to maintain
current profits. Instead, the miner’s investment in campaigning against the Rudd Government
netted them $160 billion, a 727,173% return on investment.88 With regard to mining, Australia
acts as if a vassal and resembles a banana republic.89
…the decision-making bodies of industry lobby groups are dominated by
representatives from foreign owned companies. The boards of the Minerals Council of
Australia and the Queensland Resources Council are dominated by foreign interests.
The Minerals Council of Australia has 10 positions out of 14 occupied by
representatives from foreign owned companies. The Queensland Resources Council
also has 10 out of 14 positions occupied by representatives from foreign owned
companies, giving foreign interests the majority in decisions about lobbying activities
of the industry. 90
•

Mining Jobs: Mining employs only 1.9 per cent of the Australian workers. ABS figures show
total mining employment of 217,100 at April 2011 which is comprised of:
-51,900 in coal
-12,600 in oil and gas
-79,500 in metal ores
-7,300 in non-metallic mining and quarrying
-45,800 in exploration and other mining support services
-19,900 in other unclassified areas.
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The mining industry has a high employment turnover (53,000pa) despite high wages. Any
reduction in either the rate of growth of employment in the mining industry, or even of the
absolute size of the mining industry, could be easily accommodated by natural attrition within
the industry. Any future decline in the size of the mining industry, while of obvious concern to
the very small number of employees and shareholders, is unlikely to be any more noticeable
throughout the labour market than the decline in the printing industry, blacksmiths, and
switchboard operations.91 Hence, Australia’s mining heritage should not be used as an excuse
to continue to burn coal locally or flood the global market. Mining companies themselves
don’t use this argument, when the mine is worked out, they shut down operations irrespective
of the community impact.
•

Carbon Capture and Storage: In concert with dramatic reductions in GHG emissions, we will
likely need to physically remove legacy, current, and future CO2 from the atmosphere.
Technology to augment nature does exist to do this, although currently it is uneconomical,
scaling to effective size faces enormous challenges, as does finding sites for long-term stable
storage. It is likely that these costs will fall to current and future taxpayers and consumers.
Thus, future generations of Australians will pay the true cost of the super profits and
derelictions by foreign mining elites that own and control over three quarters of Australian
mining operations; and contrary to the opinions of some, they are not predominantly
Chinese.92

•

Economic Growth and Stability: The global credit based monetary and investment systems
are for the most part fiat, thus are not backed by tangible and perpetual assets such as gold
or land, but instead are based on momentum, conformity, ignorance, and trust. This includes
a trust in the claim, and agreed convertibility of currency, and in the future value and
performance of assets and investments. It is a fragile and speculative system, e.g. GFC, and
bubbles going back through history. Currently global debt exceeds $US258 trillion, thus we
begin the climate crisis already compromised. Furthermore, debt obligations are primarily
serviced through trade, and tempered by inflation. Where either of these variables will be in
the future is difficult to predict; Wall Street does not know. The economic consequences of
the COVID19 pandemic, although already substantial, are still far from reaching their full
impact, as with the GFC, the unserviceable debt existed for months to years before the
collapse. The expected impacts from climate change will be orders of magnitude greater, thus
reliance on trust, convertibility and financial returns is questionable at best and are presently
misaligned with forecasts of climate impacts. The global market is operating on momentum,
wish-casting and in many cases denial.
Exports make up 21.80% of Australia’s DGP and imports 21.39%, however, a decline in fossil
fuel exports due to emissions reductions, and a decline in agricultural products due to climate
stressors, may create a trade deficit. Furthermore, international demand for goods that could
be considered discretionary or luxury, e.g. wine, may contract. Even if not directly related to
climate, the secondary and tertiary sectors of the economy may suffer contraction as demand
in many areas drops due to reduced earnings, just as with COVID19. It is presumed that there
will be corresponding high demand in other areas due to the challenges presented by a
changing climate, but at present we either are not preparing for such, or do not know what
they may be. These economic and market scenarios would have seemed ridiculous to discuss
5-10 years ago, just like COVID19; many may still think them ridiculous. However, the science
suggests that we should be discussing them, and preparing for them, yet this appears absent
in economic modelling and government policy. It is not that these topics are just not on the
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radar, but that they are not even considered within the realms of reality. They will be deemed
a flock of Black Swans should they occur.
2.3.5. Ironically, rapid heating can also cause periods of rapid cooling as well as highly variable
weather in the Norther Hemisphere. Over the Pleistocene (previous 2.58 million years) long-cycle
variations in global temperature have been driven by solar and orbital forcing, see Image 4.

Image 4: Milankovitch cycles and earth’s temperature over the past 1milion years93

At a finer scale, however, it will be noted that there are sharp peaks and troughs in temperature,
bottom pot of Image 4. In the Northern Hemisphere these have been amplified by oscillations in the
Atlantic meridional overturning circulation (AMOC), due to fluctuations in high latitude ice cover. As
ice melts fresh water enters the North Atlantic and disrupts the ocean current that transfers heat from
the equator to the Arctic. This current has a moderating effect on the climate of the equatorial and
polar region through its transfer of heat. It is suggested that on current warming trajectory, the AMOC
may shut down by 2300.94 This will cause significant disruption to global weather patterns such as
cooling in the Northern Hemisphere and heat build-up in the mid latitudes and Southern Hemisphere,
see Image 5. This would be superimposed on the already CO2 elevated warmer world.95

15

Image 5: Modelled change in surface temperature (C) following an artificially induced collapse of the AMOC. Shading indicates
cooling (blue) or warming (orange and red).96

2.3.6. However, it does not require a total shut down of the AMOC, to cause disruption to the
climate, especially in Europe and North America.97 The Little Ice Age (LIA), lasting from 1303 – 1860
was a period of highly variable weather that included a temperature drop in the Northern Hemisphere
of up to 2oC, being especially pronounced in winter. It was coincidental with, and amplified by, periods
of reduced solar activity, significant volcanic activity including the massive 1815 eruption of Mount
Tambora in Indonesian that resulted in the year without summer. It is also suggested that the LIA itself
caused a slowdown of the AMOC,98 which then amplified the cooler and highly variable weather. Prior
to the LIA Vikings settled Greenland and grapes were grown in England. Warming during the 20th
century is coincidental with another slowdown99 of the AMOC resulting from the freshening and
cooling of water in the North Atlantic due to melting ice. This is identified as a persistent cold blob in
the North Atlantic and subsequent warming in the temperate Atlantic, see Image 6.

Image 6: SSTs for the “Gulf Stream” region off the US East Coast (red line) and the “subpolar gyre” region in the North Atlantic
(blue). The two regions are shown by the shaded areas (in corresponding colours) on the globe. The chart also shows three
sources of data on the AMOC: in situ monitoring by the RAPID project, an ocean reanalysis product (GloSea522) and a
reconstruction from satellite data and cable measurements.100

2.3.7. This slowdown is coincidental with the industrial revolution and the warming at termination
of the LIA. It is suggestive that not only is there an expectation of disruptive climate change from a
somewhat linear warming through increased CO2, although the regional manifestations are amplified
poleward, but the potential exists for decades to centuries of amplified variability including colder
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winters in the Northern Hemisphere. The impact on food production or economic and social stability
may be as significant as it was during the LIA across Europe and North America.101 The world is highly
reliant on broadacre cereal crops grown across Eurasia and North America. These were vulnerable to
LIA climate conditions and resulted in many failed harvests and was one reason the potato became a
food staple in many parts of Europe. Should crops fail in the Northern Hemisphere due to cold and
wet conditions, and in the Southern Hemisphere due to heat and drought over consecutive season,
billions of people could face a famine unprecedented in human history.
2.3.8. The UN recommends that rapid reductions in GHG emissions must begin now and be
established and operating by 2030. Yet Australia continues to mine and export fossil fuels as if this is
of no consequence, indeed it is the world’s largest exporter of coal, and plans are in place to further
increase production of this and natural gas. Planning, from Federal down to the local government, is
predicated on a continuation of the present with a consistent reference to economic growth. Thus,
the future is assumed to be the same as the present, but a bit warmer, with a bit more severe weather,
and that people and the economy will make allowances and adapt as necessary. There is a cognitive
chasm between what the science is saying, what government, bureaucracies and the commercial
sectors are saying, and what it is that the population would rather believe.
2.3.9. In Australia, as in all other countries, community and political concern is dominated by how
to maximise economic return and short-term social outcomes through the existing political economic
system. Everyone is compelled to live in the here and now, and to operate, including in the pursuit of
change, through the legacy systems of the past 80 years. These have proven to be poorly suited to the
threat of climate change, and this does not bode well for the next 80 years. Indeed, in Western culture,
those that propose rapid radical change are pejoratively labelled radicals, extremists, alarmists, and
doomsayers, and it is suggested that they cause unnecessary panic.102 This is rather hypocritical given
the lengths politicians and media go to create other panics when convenient for strategic ends, e.g.
weapons of mass destruction, war on terror, bird flu, or fear of socialism. Thus, we are caught in the
grip of motivated reasoning, being the current course that includes what the majority believe to be
policies intended to address climate change but may still lead toward a +4oC climate catastrophe. Or
else a negative perception of rapid radical and possibly highly disruptive change that will almost
certainly lead to economic and social disruption, even if that lowers the temperature trajectory. Of
course, it does not need to be like this.
2.3.10. It is suggested that rapid radical change could cause panic and violence. When there is a
contested transition of power, change is resisted by the existing power elites, typically with little
consequence for the impact on the population. Furthermore, what is meant by the term panic. Is it
possible that panic means that the population will demand rapid radical action by governments that
governments do not want, if so, then should it not be questioned whose interests government
represents?103 Does this suggest that democracy only exists until it impacts elite power? Many have
argued that this has always been the case.104
2.3.11. To default to adaption before mitigation is a losing strategy. It is throwing in the towel before
putting up a fight, and it is presumed this it is what the fossil fuel industry is banking on. As previously
noted, in the absence of mitigation there is little to be adapted too over the longer time frame, only
retreat as the global population shrinks to a more sustainable level and perhaps attempts to farm the
oceans and tundra. Any adaption strategy must contemplate adapting to not only climate but a
completely different global economy, alliances, and political systems. Therefore, building resilience
with the intention of continuing business as usual is akin to nailing the chair to the deck of the Titanic.
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Yet, for the individual and the community, little choice remains unless they are prepared to fight
against the dominant political, economic, and cultural paradigm, which presently has the power to
crush them physically, financially, and socially. Global protest movements such as Greenpeace, Occupy
Wall Street, Extinction Rebellion, and currently Black Lives Matter, may enjoy small victories, and may
be agents for incremental change in attitudes and legislation, but they have little impact on the
political economic hegemon. They are tolerated because they are a safety valve for public discontent,
and because they do not really make a difference; pandas, polar bears and koalas will likely be extinct
within 80 years. Elite power just incorporates and adapts as it always has, and in the absence of proper
functioning democracy, always will, discussed further in Chapter 4.
2.3.12. The default position of the Australian Government is adaption, although there is no strategy
as to how this is to be done. The Federal Government’s current public advisory is a four-page brochure
titled “National Climate Resilience and Adaption Strategy 2015”, that bears an uncanny resemblance
to a school project poster, and is by any reading, just political spin, see insert below.
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National Climate Resilience and Adaption Strategy 2015 (www.environment.gov.au)
The Strategy sets out how Australia is managing the risks of a variable and changing climate. It identifies a set
of principles to guide effective adaptation practice and resilience-building, and outlines the Australian
Government’s vision for a climate-resilient future. [it does none of these]
Key Messages
Australia is well positioned to meet the challenge of climate change [totally unprepared]
We have well-established and effective natural resource management systems, mature financial,
welfare and regulatory systems, well-governed institutions and internationally-renowned scientific
expertise. We have developed a significant national resilience and adaptation capability.
Australia is a responsible player regionally and globally [an international pariah]
Climate change is a global issue. Australia has a strong track record on addressing the challenge of
climate change, working with others to reduce domestic greenhouse gas emissions. Beyond our
borders, Australia helps developing countries, particularly across Asia and the Pacific, with effective
disaster risk reduction, climate change science, adaptation planning and capacity building.
The choices we make today will affect our future vulnerability to climate change [hypocrisy, cut emissions]
Acting to reduce greenhouse gas emissions will limit the magnitude of future climate change. To
remain a vibrant, safe and productive society we must also build our national resilience to climate
variability and the changes to the climate that global emissions reduction cannot help us avoid.
We all have a role to play in understanding and managing the risks [hypocrisy, uninsured]
Governments at all levels, businesses, communities and individuals have complementary but different
roles in managing climate risks. Individuals and businesses, for example, are best placed to manage
the climate risks associated with their homes and commercial assets. One of the most important roles
of governments is ensuring that others within society can make informed choices about how to adjust
their behaviour and choices in response to climate risks, by providing authoritative climate
information and effective regulatory systems.
Australia has long experienced extreme weather events and climate variability [fluff]
Australia’s climate can vary greatly from one year to the next… Extreme events like heat waves and
floods can have significant social, environmental and economic costs, but we are building on our
experience managing variability and extremes to address the challenges of climate change.
Strategies:
Coasts - Our coastline and beaches are shaped by the climate and etched in our national identity [fluff]
Cities and the built environment - Our cities drive the national economy but they face challenges including
climate change [stating the obvious]
Agriculture, forestry and fisheries - Our primary industries are in a strong position to manage climate risks [tell
the farmers and fire fighters that]
Water resources - Our experience managing scarce water resources has positioned us for climate change [all
evidence points to the contrary]
Natural ecosystems - There are limits to the capacity of our unique natural systems to adapt to climate change
[koala, dead man walking]
Health and wellbeing - We are a healthy nation but climate change is influencing health outcomes [means
nothing, we have an obesity and melanoma epidemic]
Disaster risk management - We have built systems, science, and institutions to help us prepare, respond and
recover [irrelevant to climate change, this is not a storm]
A resilient and secure region - Australia is working with less developed countries to create a resilient and
secure region [no, is Tuluva going to invade? what about refugees from Indonesia?]
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2.3.13. An extract from the Sunshine Coast’s Environment and Liveability Strategy 2017, produced in
conjunction with CSIRO, suggests there will be an increase in the frequency of temperatures over 35oC,
extreme rainfall events, storms, drought, heatwaves, bushfires, flooding and changed frequency and
intensity of cyclones. Compounding these problems will be a decrease in total rainfall and soil
moisture, and there will be sea level rise.
“…our biodiversity, habitats and ecosystems are expected to change. [In] …highly vulnerable
locations… less than 10% of current native species to remain... by 2070. Locally, species may
disappear, become extinct, move to more habitable locations both within and outside the
region, and new species may migrate into the region… increased damage to buildings and
infrastructure; emerging diseases, heat waves and extreme temperatures may affect public
health; and community resilience may be affected by higher repair and maintenance costs, as
well as changes to the insurability of homes and assets… These impacts will compound as more
people, homes and built assets are exposed to predicted hazards.”
The above scenario was based on a +1.5oC to +2oC future, but if we look to double this, then we may
have all the above within a few decades, and abandonment by 2100. The end of the African humid
period, 14,500 - 5,000BP, saw grasslands, marsh and lakes turn to the Sahara Desert.105 Hence, there
is Holocene precedent for extreme regional climate change, but this time it will be global. The above
extract, although sobering, in the context of the full report is still political spin intended to keep the
population calm. It is presumed that the local government does not want to appear alarmist or cause
a decrease in economic growth and coastal development, with people leaving the region to head
South, or at the very least demanding stronger action on emissions reductions. Adaption strategies
diminish the message from the biophysical and social sciences, thus facilitating the local government’s
abrogation of responsibility. This is repeated across the country as if we suffer a mass intoxication
over economic progress and a delusion as to how secure we are.
2.3.14. To be absolutely clear on this point, the message to the population, and the official policy
position of the major parties is, we finally and begrudgingly admit that climate is changing, we will
cap talk of impacts at +1.5oC to +2oC, we will not do anything proportional about it, especially with
regards to coal and gas, when disaster occurs you will not be insured, and in the end it will be
everyone for themselves. It appears as the full manifestation of neoconservative ideology. It can also
be argued that it is not innate, organic, benevolent, or an ideology that supports human progress, but
one that is fully alien and has been engineered and grafted to infect the amygdala and bypass reason.
The gap between the scientific and public understanding of climate change, referred to as the
“Consensus Gap”, is largely attributed to failures in climate change communication. Often
limited to ad-hoc reporting of extreme weather events or intangible, long-term climate
impacts (e.g. changes in average temperature by 2100). Despite an exhaustive list of risks
associated to climate change (e.g. heat stress, air and water quality, food supply, distribution
of vectors of diseases, social factors), the intangible nature of reporting on climate change fails
to adequately convey the urgency of this issue to a public audience on a consistent basis. It is
hard for most people to envision how an additional 2°C of warming might affect daily life. This
ineffective communication of climate change facts, compounded by uncertainty about the
extent of expected changes, has left the door open for widespread misinterpretation about the
existence of this global phenomenon… History has repeatedly shown us that data and facts
alone do not inspire humans to change their beliefs or act. Increased scientific literacy has no
correlation with the acceptance of climate change facts. A growing body of research
demonstrates that visualization—the ability to create a mental image of the problem—is the
most effective approach for motivating behavior (sic) change.106
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2.3.15. In response to the above quote by J. Bastin (Section 2.3.14) relating to the need to visualise
risk consider, Image 7, representing projected change in global GDP in 2100 under an average global
temperature increase in line with IPCC RCP 8.5107, i.e. +4.3oC, and unless the emissions trajectory
changes, is perhaps the most prudent to consider. The example assumes business as usual with all
things being equal where possible. Hence, at +4.3oC, the forecast suggest that this is as good as it gets.
Many other scenarios can be imagined, including at temperatures lower than +4.3oC, where the global
economy may be far smaller and dysfunctional than represented, e.g. Section 2.3.2. According to Prof.
John Schellnhuber, Director, of Potsdam Institute for Climate Impact Research, the difference between
a +2oC and a +4oC world, is human civilisation.108

Image 7: Economic Impact of Climate Change on the World and Australia by 2100 under RCP8.5.109

It should be noted that the projections for Australia in Image 7 represent average GDP per capita, but
it is likely that a contraction would not be evenly distributed across the workforce or regions, thus
there would likely be growing and severe inequality. For countries closer to the equator, representing
nearly 75% of world population, the conflation of thermal stress, Image 3, and economic stress Image
7, paints a very bleak near-term future if emissions cannot be rapidly and dramatically reduced. This
is what lays behind the dire warning from the United Nations if +2oC is exceeded, which it appears that
it will.
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2.4. Is there any good news?
2.4.1. Humans need a light at the end of the tunnel. Even when facing death there is religion. So far,
this report has described a very bleak future derived from the physical and social sciences. Regardless
of where one lives, or station in life, no individual or their descendants, can be assured protection
from a Reign of Terror110 or Hobbesian dystopia.111 However, despite a potential melee of Malthusian
Trap, fascism, anarchy, economic collapse, and hostile climate, it is encouraging to know that the
future can be salvaged and many are working toward just that. Should the forecast catastrophes still
occur then one must question what the point was in developing science, technology, and civilisation
if we did not use them to improve all civilisation and achieve sustainability.
2.4.2. The expression “you can’t get there from here” aptly describes the problem facing humanity
when dealing with climate change, and a raft of other problems. We need to achieve something that
capitalist liberal democracies were never designed to achieve112, despite the promise and the rhetoric.
Furthermore, other political structures, be they reactionary dictatorial command economies, quasifascist theocracies, monarchies or oligopolies, either do not have the desire113 or capacity to address
emissions reductions. Furthermore, some of these may fare better than liberal democracies and be a
model for the future.114 To think globally and act locally, or to measure one’s own ecological or carbon
footprint and then respond accordingly, are modernist, commendable and appeal to a higher morality
and responsibility. Yet for decades it has not worked at scale, and it does not align with either the
dominant culture or economic realities that the majority face. Humans are aspirants, and whilst
inequality exists and elitism is not only sanctioned but celebrated, then people will strive for higher
status, which today is represented by conspicuous consumption, hedonism and opulence to satiate
primal urges.115 Unregulated within society, we will fall victim to society. To be sure we need to be
governed, but that government must in of itself be regulate from the tendency toward elitism116;
attempts were made, e.g. universal suffrage and equality before the law, but much was left undone,
and those loose threats now have us facing an existential crisis.117
He who says organisation, says oligarchy.118
2.4.3. There is also the sacrosanct modernist humanitarian belief that every life is valuable, and
should be saved and improved, which typically means additional ecological weight for each soul, now
and into the future.119 It was reflected in the United Nations Millennium Goals, which incidentally were
not met. Unfortunately, without adequate emissions reductions, there does not appear to be
anywhere near enough lifeboats for 10 billion people based on current diet, and the more people we
put into the existing lifeboats, the more they risk sinking ours. There is little doubt that elites and
military hawks have already consider this problem; indeed, it may form part of a pragmatic grand
strategy that offers up sacrificial regions and their people; history and the present is littered with
examples.120
2.4.4. It is ironic, therefore, that the solutions for climate change are so simple and within reach, e.g.
stop emissions with existing technology. Within the existing international political economic model,
and after applying two assumptions, being that markets operate in a free, informed, and rational
manner, i.e. Smithian, and that politicians represent the will of the people and act in the public good,
then it has been calculated that 73% of CO2 emissions have technologically and economically
manageable solutions. Therefore, only 27% of emissions fall into the difficult category, see Image 8,
although even some of these are of questionable obstinance if they relate to discretionary or lifestyle
choices, e.g. long-distance air travel dropped dramatically due to COVI19. Furthermore, the largest
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emissions component, being load-following (dispatchable) electricity generation, i.e. augmented peak
demand typically from gas or diesel, are beginning to be replaced by battery or other low emissions
technologies, or through distribution management, load sharing and better demand scheduling. Iron
and steel, concrete, and shipping emissions may also fall in response to declining economic activity,
as they have with COVID19, thus some of the difficult to eliminate emissions may be curbed by climate
change itself. Thus, the Gaia hypothesis may hold true that earth will regulate our excesses.
South Australia is on track to its goal of 75% renewable electricity by 2025 and there is public
support for setting a “100% by 2030” target. Victoria and the Northern Territory are targeting
50% renewable electricity by 2030. Tasmania already regularly reaches 100% renewables
generation.121[How is it that SA could only do this after the coal fired power stations shut down
and not before, and that QLD cannot do it whilst they still have coal to burn. This reality is the
result of decisions made by politicians with the full knowledge of the consequences.]

Image 8: Difficult-to-eliminate emissions in current context. (A and B) Estimates of CO2 emissions related to different energy
services, highlighting [for example, by longer pie pieces in (A)] those services that will be the most difficult to decarbonize,
and the magnitude of 2014 emissions from those difficult-to-eliminate emissions. The shares and emissions shown here reflect
a global energy system that still relies primarily on fossil fuels and that serves many developing regions. Both (A) the shares
and (B) the level of emissions related to these difficult-to-decarbonize services are likely to increase in the future. The
highlighted iron and steel and cement emissions are those related to the dominant industrial processes only; fossil-energy
inputs to those sectors that are more easily decarbonized are included with direct emissions from other industries in the
“Other industry” category. Residential and commercial emissions are those produced directly by businesses and households,
and “Electricity,” “Combined heat & electricity,” and “Heat” represent emissions from the energy sector.122

2.4.5. Recent announcements from both China and the US offer some hope for the future. Chinese
President Xi Jinping announced at the UN General Assembly in September 2020 that the country
would aim to hit peak emissions before 2030 and become carbon neutral by 2060. This is highly
significant for several reasons, irrespective of suggestions relating to political point scoring. China is
the world’s largest emitter of GHG at 28% of the global total, the second largest consumer of oil after
the United States, the largest producer and consumer of coal, with 85% of its power sourced from
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fossil fuels. But China is also the largest manufacture and user of solar power technologies, and for
the manufacture and installation of wind technologies. They are also the largest market for electric
vehicles.
2.4.6. China is expected to be significantly impacted by climate change, especially at the higher-end
emissions scenarios. China is also precariously reliant on the import of fossil fuels to maintain
economic growth and political stability, and as the price of renewables continue to drop relative to
fossil fuels, it is positioning itself to exploit the competitive advantage that a renewables based
economy may offer. It should also be noted that since 1980 China’s GDP growth has averaged almost
10% a year, and more than 850 million people have been lifted out of poverty. This has resulted in the
world’s second largest economy which is forecast to overtake the US within the coming decade. Thus,
China appears to have the capacity, political structure, and the incentive to achieve this transition,
which in turn, will reduce the upwards trajectory of global emissions, all things being equal. Indeed,
such an aggressive initiative may allow for stabilisation near +2oC, assuming positive feedback
thresholds are not breached, or we avoid any unpleasant Black Swan events.
2.4.7. It has been suggested that the US has gone backwards on emissions reduction strategies
under President Donald Trump, including withdrawal from the Paris Climate Agreement, rolling back
regulations on methane emissions, Affordable Clean Energy rules, and vehicle emissions standards.
Between beginning 2017 and end of 2019 US emissions increased ~1%, despite a significant reduction
in coal power station emissions due to market related closures, see Image 9 and Image 10.

Image 9: US emissions change by sector.123

Image 10: US emissions target and trajectory.124

2.4.8. Over the two terms of President Barack Obama, the emission trajectory was lowered by virtue
of a 396% growth in wind and solar power, whilst coal production declined 38%, the nett result being
carbon emissions from fossil fuels dropped 11%. President elect Joe Biden has campaigned to invest
US$2trillion in emissions reductions, committing to make the power sector emissions free by 2035
and the country carbon neutral by 2050. This would be funded through a 7% rise in corporate taxes.
Like China, the US has the capacity, but perhaps less incentive and a more hostile and polarised
political landscape in which to operate. Together the US and China account for 40% of global
emissions, thus if able to achieve the abovementioned emissions reduction policies, this will have a
dramatic impact on the planet’s and Australia’s future. It is not the total solution, but it is an essential
beginning.
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2.4.9. Australia has been criticised for having one of the world’s highest emissions per capita and for
its policy failures with regards to reducing emissions.125 This is in contrast to statements by the Federal
Government that claim Australia will meet or exceed emissions targets, although it is suggested that
regardless, those targets were not ambitious enough to start with.126 There has been good progress
in reducing emissions per $/GDP since 1990. This has been a global trend and is perhaps more a
reflection of the increased value of the tertiary sector, which is low carbon, as opposed to dramatic
changes in the emissions intensity of the primary and secondary sectors which nevertheless underpin
the economy. When Australia’s domestic emissions of 1.4% of global emissions are added to our global
contribution from the export of fossil fuels, we increase to 5%, thus, making us the 5th largest global
emitter. If planed additional extraction of coal and gas goes ahead, Australia may be responsible for
up to 13% of global emissions by 2030.
2.4.10. Australia’s mix of emissions and recent trends are as follows:

Image 11: Annual Australian CO2e emissions by sector for the year to December 2018 and 2019.127

Image 12: Share of total emissions by sector for the year to December 2019128
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Image 13: Percentage change in emissions by sector from1990 – 2019.129

In discussing Australian emissions by sector, the following statements can be made:
•

Energy (32.9%) is the largest emitter of GHG, primarily from burning coal. Natural gas,
however, is not much better than coal because it has an unacceptably high fugitive or leakage
factor, and the methane component that does leak is 28 times more effective (averaged over
100 years) as a greenhouse gas than CO2. Renewable energy in the form of wind and solar PV,
and in the future solar thermal, wave, tidal or geothermal, are, or are projected to be, less
expensive, and more importantly, zero emissions sources. Grid design, storage and scheduling
can enhance the effectiveness of renewable energy and reduce the need for peak load
following, thus further reducing emissions.

•

Stationary (19.2%) includes emissions from direct combustion of fuels, predominantly in the
manufacturing, mining, residential and commercial sectors. The emissions from this sector are
growing in part due to increases in LNG processing, e.g. to date the Gorgon LPG facility in WA
has been incapable of reaching carbon capture and storage (CCS) commitments. Greater
efficiency standards and incentives to transition to renewable sources can lead to domestic
and commercial reductions, e.g. insulation and glazing standards.

•

Transport (18.8%) is the third largest source and is growing, primarily due to a failure by
government to introduce mandatory efficiency standards for new vehicle sales; unlike 80% of
the global market. Previous proposals were abandoned by the Liberal government after
lobbying from industry.130 Previous Labour governments have squandered opportunity also,
specifically no tangible results from the AU$307 million Green Car Innovation Fund. Amongst
OECD countries, Australia ranks poorly in the uptake of electric vehicles and the supply of
charging infrastructure.131 This is a direct result of government policies that failed, and
continue to fail, to incentivise the uptake of electric vehicles, continued subsides for fossil fuel
users, and urban and regional planning that has traditionally incentivises private vehicle
ownership and usage. The past ten years have seen a decrease in the consumption of petrol
(including ethanol-blended) of 8.0% but a strong increase in diesel consumption of 63.6%.132
It is suggested that programs to add ethanol to petrol, or produce biodiesel, are limited and
temporary solutions. Their carbon neutrality, ecological footprint and opportunity cost on
land and resources, is questionable and thus, although a stop-gap measure, presents a far less
efficient solution than electrification. It has been said that hydrogen is the fuel of the future
26

and always will be. Hydrogen offers no advantages to motor vehicle transport over electricity,
but instead introduces far more complexity, danger, and the opportunity for the existing fossil
fuel oligopoly to continue domination of the sector. Hydrogen may be a viable option for other
forms of transport including aircraft, but this is at early stages of development.
•

Fugitive (10.6%) emissions occur during the production, processing, transport, storage,
transmission, and distribution of fossil fuels. These include coal, crude oil, and natural gas.
Emissions from decommissioned underground coal mines are also included in this sector.
Fugitive emissions have risen 41% since 2005 and are expected to rise further by 2030. There
are concerns that these emissions could be significantly underreported.133 A phasing out of
fossil fuels will substantially lower these sources of emissions.

•

Industrial process (6.5%) and product use occur as the result of by-products of materials and
reactions used in production processes. This sector includes emissions from processes used
to produce chemical, metal, and mineral products. It also includes emissions from the
consumption of synthetic gases. These emissions may be difficult to reduce, however, product
substitution may be one possible way.

•

Agriculture (12.9%) includes methane, nitrous oxide, and carbon dioxide. Methane and
nitrous oxide emissions are estimated for enteric fermentation and manure management in
livestock. They are also estimated for rice cultivation, agricultural soils and field burning of
agricultural residues. Nitrous oxide and carbon dioxide emissions are reported from the
application of fertilizers and lime. Beef and sheep grazing account for 60% of agricultural
emissions.134 The 5.8% decline in Agricultural emissions from 2018 to 2019, Image 11, reflects
the effects of drought which led to a decline in livestock numbers, area of crops planted, and
fertiliser used. Significant advances in diet technology suggest there is potential with seaweed
supplements to dramatically reduce methane from ruminants. Managing soil carbon also
offers considerable potential to increase land productivity and to sequester carbon.

•

Waste (2.4%) sector includes emissions from landfills, wastewater treatment, waste
incineration and the biological treatment of solid waste. Emissions largely consist of methane,
which is generated when organic matter decays under anaerobic conditions. Efficiencies are
being made in this sector including cogeneration or commoditization.

•

LULUCF (-3.5%) represents land use, land use change, and forestry, and has sequestered
carbon through the inactivation of extensive grazing areas to allow them to regenerate trees.
It also includes significant reductions in land clearing on agricultural lands, and the planting of
new forest areas, as well as better management of forest areas. These initial successes may,
however, be reversed by bushfire, drought, or changing priorities for regional land use due to
climatic stressors.
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2.5. Summary
2.5.1. The rise in GHG due to human activities and the associated warming is irrefutable. The
motivation, manipulation, or sanity of those that deny it should be questioned. If emissions continue
at current rates this may lead to a climate catastrophe for some, or all, which is in no one’s interest,
regardless of political leaning or station.
2.5.2. Climate change modelling is a recent science but is evolving rapidly. It is based on the same
principles and processes as all other science. It is not perfect, but it is the best that we have, and
indeed it is all that we have to prepare for a dangerous and challenging future. Governments often
ignore or rationalise warnings, instead focusing on short-term political and economic objectives, or in
some cases favour narrow elite interests over the public good; this criticism has been repeated for
decades through to centuries.
2.5.3. The implications for Australia are significant across all sectors of the economy and society.
Although impacts will initially be felt in climate sensitive sectors such as agriculture and forestry, they
will spread. The most vulnerable areas of agriculture are rain-fed broad-acre cropping and grazing in
marginal lands that are particularly vulnerable to reductions in soil moisture, increased climate
variability, and weather extremes. Other sectors of the economy that will suffer significant impacts
are those that are reliant on discretionary and luxury consumption both domestically and abroad.
2.5.4. The COVID19 pandemic has given an insight into the way reality can rapidly change. Apart
from infectious disease experts, the economic and social impacts were for many a Black Swan. It has
exposed how interconnected and vulnerable economic and social structures are, and in some cases
how resilient. It is yet to be seen how resilient, responsive, or adaptive they prove to be as the impacts
of pandemic persist. Yet regardless of the warnings by scientist, for the economy and society climate
change will present larger and more disruptive Black Swan events, primarily because warnings are
being ignored or discounted and emissions continue to rise.
2.5.5. Climate change lays bare elite power structures and their influence on nations and the global
community, described under Elite Theory135. We are at an inflection point and are presented with
divergent paths. There is no dispute that coal powered the Industrial Revolution and then coal and oil
accelerated progress through till the present. Natural gas is being positioned to temporarily replace
coal136, with hydrogen suggested to replace most fossil fuels in the future, yet its viability or necessity
is questionable given the range of alternatives. The strategy of economic elites was to leverage key
sectors in industry, economy, and culture to ensure dependence on a narrow corporate owned energy
supply, and left unchecked, this will continue. Private control of energy and finance has been the
trigger for most conflict over the 20th century, even as national governments and populations carry
the burden.
2.5.6. The market valuation of fossil fuel assets is rapidly in decline and is being further devalued by
the COVID19 economic contraction. There has also been a significant reduction in plans to expand oil
production facilities or the building of new coal fired power stations. There is momentum toward
renewable energy forming the basis of a greener global economy, and the efficiency benefits, pricing
signals, and corporate kudos will accelerate this over the longer term. What is still unknown is whether
the rate of transition to a cleaner economy will happen fast enough to offset the cumulative increase
in GHG and the associated deleterious climate related impacts. Presently it seems not.
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2.5.7. Australia is one of only a small group of nations confounding international efforts to accelerate
reductions in emissions. That group has included China, India, Russia, United States, Canada, and
various OPEC Nations. Both China and the US may drop from that group, leaving Australia exposed to
further criticism. Within Australia it has been argued that if we do not supply fossil fuel to our
customers, then they will source it elsewhere, and that those alternative supplies will produce even
more emissions. This is a flawed argument for three reasons.
•

It is premised on the argument that exporting coal and gas offers significant benefits to the
Australian economy. This is disputed, see Section 2.3.4. The reality is that predominantly
foreign owned miners want to maximise profit before the global market collapses.

•

It is premised on the assumption that mining will not go ahead in other countries if Australia
supplies the global market. This is false. Globally, most fossil fuels that are economical to
recover are being or are intended to be mined regardless of the consequences. The claim that
Australian coal is cleaner is negligible, and irrelevant within this bigger picture.

•

It is premised on an inelastic market scenario, however, if Australia cuts-back exporting, then
global scarcity, i.e. price, would rise stimulating the uptake of cleaner alternatives. Also, more
expensive coal and gas would mean that profits can be maintained at lower levels of
production.

Debating the best way to do something we shouldn't be doing in the first place is a sure way to
end up in the wrong place. (David Suzuki)
2.5.8. The impression given by Federal, State and Local government, as well as key sectors of
industry and community, that they are responding to, and preparing for, climate change is mostly
false. Almost all effort is being put into maintaining business as usual, albeit with a modicum of
greenwash and token initiatives. This contrasts with progressive green policy, investment and action
occurring in other OECD countries. However, even if there is a significant change in Australian
government policy and this flows through to action, be that through epiphany or change of
government, the Australian impact on global emissions will be negligible if the country continues to
export fossil fuels, and possibly negligible even if we do not. Australia has little influence over other
major polluters, but we do not help this by positioning ourselves on the wrong side of history, stifling
emissions reduction strategies at the United Nations, and flooding the global market with our coal and
gas inheritance. To a significant degree we are at the mercy of China, the United States, as well as the
energy paths that developing nations choose to take. If China and the United States turn the corner
on emissions, and assistance is given to developing countries, then Australia’s future prosperity will
be brighter, but not guaranteed.
2.5.9. The agricultural sector is a significant polluter at 12.9% of Australia’s emissions. Yet it also
offers significant potential to both reduce emissions and to sequester from the atmosphere. On
current trajectory, Australia is not expected to achieve its Paris Agreement targets by 2030. The
Federal Government’s Emissions Reduction Fund achieved less than 20% of its target abatement,
primarily rewarding existing polluters for reducing emissions. It has since been replaced with the
Climate Solutions Fund, an expanded and rebranded Emissions Reduction Fund that includes allowing
farmers to drought-proof farms and subsidising businesses to pursue energy-efficiency projects.137
Drought proofing farms is an adaptation, or possibly even a strategy for dealing with natural variability,
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it is not an aggressive strategy for emissions reduction, e.g. assistance to transition to electric tractors
and transport. It is suggested that the Morrison Government, in collaboration with large polluters, are
pursuing numerous convoluted policy and market options, so far with limited success, in order to avoid
the most obvious and effective solution, being a tax or similar on GHG emissions138 because this will
put responsibility on the major polluters and will impact their profits.
2.5.10. Few individuals have the talent, commitment, or opportunity to make a significant impact on
global GHG emissions, and those that do often face insidious criticism. In a capitalistic liberal
democracy, the people possess two peaceful and sanctioned powers, the ability to vote for their
representatives and to vote with their wallets. Protesting occurs when the former is perceived to have
failed. Regardless of political leaning, in truth no political party in Australia wants to drive the farmer
from their land or to see them fail financially, thus despite propaganda this should not be a
consideration with respect to assessing a political candidate’s position on climate. However, all parties
fall upon a spectrum with respect to dealing with global warming and climate change. The low hanging
fruit for many politicians has been to downplay the expected impacts, exaggerate the cost and
challenges in transitioning to a low carbon economy, and to extol the benefits of maintaining the
status quo. But under the status quo, has life got easier or harder, has the future got brighter or darker,
and do you feel you have more or less power to determine your future? Do you feel democracy is
working how it should, or could it be much better?
2.5.11. Change is coming whether we are prepared or not. The severity of that change will be
determined by our individual and collective actions today; the past was squandered with excess
consumption and waste. For decades the World has put off addressing global warming for some time
in the future. We have now arrived at that future and it is crystal clear what needs to be done. Every
dollar spent and action planned must in some way contribute toward reducing GHG emissions, not
increasing them. We can no longer even be carbon neutral but instead must be carbon negative until
the threat has passed. Of course, it would be nice to get paid for your personal sequestration service,
but it must be realised that it is also an investment in your own future and a bequeath to your own
descendants. Realistically though, you probably will not get compensated, at least not what it was
worth in your sacrifice and effort, or for its true value to society. Should there be a compensation fund,
you can be sure that elites are already scheming how to fleece that public purse, it is what modern
economics and legal frameworks require of them. Yet should you still do your part in reducing
emissions, and if you don’t, then who will? The time to act has finally arrived and you are the guard
on the wall, the Samaritan, the difference.
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Appendix 1
The faux Ice Age of the 1970s
Claim – In the 1970s climate scientists claimed the Earth was entering an Ice Age. Note:
climate science was in its infancy and legacy data collection errors existed.
Reality – Temp. data in the Northern Hemisphere showed inexplicable decline 1940 –
1975 of 0.2°C.
The reason* 1/ Ship based data collection method changed and was not corrected causing
appearance of a sharp decline in 1945.
2/ Higher concentration of sulphate in atmosphere from increased post-war industrial
pollution plus volcanic activity from Mt Agung blocking sun.
3/ When accounted for temperature trends follow predicted pattern.
Scientists published observations and discussed possible cause including Ice Age cycles.
Journalists exercised poetic licence creating a perception of Ice Age hysteria.
Gwynne P. (1975) “The Cooling World” Newsweek, April 28
Schmeck Jr. H. (1975) “Climate Changes Called Ominous”, New York Times, January 19
Douglas J. (1975) “Climate Change: Chilling Possibilities”, Science News, Vol. 107,
pp.138-140
Editors (1974) “Another Ice Age?”, Time Magazine, June 24, Vol. 103 No. 25. Quote,
“Some scientists like David Oilman, chief of the National Weather Service's long-rangeprediction group, think that the cooling trend may be only temporary.”
CIA [declassified] (1974) “A Study of Climatological Research as it Pertains to
Intelligence Problems”, US Government. “…the earth’s climate is returning to that of
the neo-boreal era (1600-1850) an era of drought, famine and political unrest in the
western world.”** [Hardly claiming an imminent Ice Age]

* Schiermeier Q. (2008) “Post-World War II cooling a mirage”, Nature.com blogs, 29 May. See also
Bernaerls A. (1997) “Reliability of Sea Surface Temperature Date Taken During War Time in the
Pacific”, Symposium on Resources Development Environment Issues and the Sustainable
Development of Coastal Waters August 8-9, 1997 “The Chinese University of Hong Kong“, Pacon 97
Proceedings October 97 pp.240-250. See also Hausfather Z. (2017) “Explainer: How data adjustments
affect global temperature records”, Carbon Brief, 19 July. See also Brahic C. (2007) “Climate myths:
The cooling after 1940 shows CO2 does not cause warming” New Scientist, 16 May.
** CIA Report http://www.climatemonitor.it/wp-content/uploads/2009/12/1974.pdf. See also Sullivan W.
(1975) “Scientists Ask Why World Climate Is Changing; Major Cooling May Be Ahead”, New York Times, 21 May
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Taalas P. (2020) “WMO Statement on the State of the Global Climate in 2019”, World Meteorological
Organisation, Geneva.
Quote from Secretary General WMO “Concentrations of greenhouse gases, particularly CO2, continue to rise.
The year 2019 ended with a global average temperature of 1.1 °C above estimated pre-industrial averages,
second only to the record set in 2016. Without the role of El Niño in the warming increase observed in 2016,
2019 would have been a record year… The results of this report demonstrate that climate change is already very
visible in various ways. More ambitious climate mitigation efforts are needed to keep the warming below 2 °C
by the end of the century.”
See also Guterres A. (2020) “WMO Statement on the State of the Global Climate in 2019”, World Meteorological
Organisation, Geneva.
Quote from Secretary General UN “Climate change is the defining challenge of our time. Time is fast running out
for us to avert the worst impacts of climate disruption and protect our societies from the inevitable impacts to
come. Science tells us that, even if we are successful in limiting warming to 1.5 °C, we will face significantly
increased risks to natural and human systems. Yet, the data in this report show that 2019 was already 1.1 °C
warmer than the pre-industrial era. The consequences are already apparent. More severe and frequent floods,
droughts and tropical storms, dangerous heatwaves and rising sea levels are already severely threatening lives
and livelihoods across the planet. We are currently way off track to meeting either the 1.5 °C or 2 °C targets that
the Paris Agreement calls for. We need to reduce greenhouse gas emissions by 45% from 2010 levels by 2030
and reach net zero emissions by 2050. And for that, we need political will and urgent action to set a different
path… I call on everyone – from government, civil society and business leaders to individual citizens – to heed
these facts and take urgent action to halt the worst effects of climate change. We need more ambition on
mitigation, adaptation and finance in time for the climate conference (COP26) to be held in Glasgow in
November. That is the only way to ensure a safer, more prosperous and sustainable future for all people on a
healthy planet.”
2

The anthropogenic GHGs in carbon dioxide equivalents (CO2e) are 76% carbon dioxide (CO2), 16% methane
(CH4), 6% nitrous oxide (N2O) and 2% hydrofluorocarbons (HFC) - Perfluorocarbons (PFC) - sulphur hexafluoride
(SP6) thus representing 98%.
3

Tamblyn G. (2015) “LBJ's climate warning 50 years ago - do we have your attention yet?”, Skeptical Science, 18
February. Quote, “If we look back over the cycle of ice ages over the last 800,000 years for example we see CO2
concentrations in the air changing as the earth cools and warms, driven initially by changes in the Earth's orbital
parameters. Typically CO2 concentrations changed by ½ to 1 part per million (ppm) every century as the world
slowly swung in and out of ice ages, contributing to the swings… Today average CO2 levels change by 1 ppm
every 20 weeks!”
4

Voosen P. (2020) “New feedbacks speed up the demise of Arctic sea ice”, Science, 28 August
Vol. 369, Issue 6507, pp. 1043-1044
5

Hornig D (Chairman) President’s Science Advisory Committee (1965) “Restoring the Quality of Our
Environment: Report of The Environmental Pollution Panel President's Science Advisory Committee, The White
House November 1965.
Quote, “Carbon dioxide is being added to the earth’s atmosphere by the burning of coal, oil, and natural gas at
the rate of 6 billion tons a year. By the year 2000 there will be about 25 percent more CO 2 in our atmosphere
than present.”
See also Olson J. & Morrison C. (2015) “Fifty years ago: The White House knew all about climate change”, The
Hill 11/06/15,
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See also Moynihan D. (1969) “Memorandum to John Ehrilchman 17 Sept 1969” in the capacity of Nixon's
counselor for urban affairs, The White House, Washington, at Nixon Library online
https://www.nixonlibrary.gov/sites/default/files/virtuallibrary/documents/jul10/56.pdf
Quote, “Carbon dioxide in the atmosphere has the effect of a pane of glass in a greenhouse. The C02 content is
normally in a stable cycle, but recently man has begun to introduce instability through the burning of fossil fuels.
At the turn of the century several persons raised the question whether this would change the temperature of
the atmosphere. Over the years the hypothesis has been refined, and more evidence has come along to support
it. It is now pretty clearly agreed that the CO2 content will rise 25% by 2000. This could increase the average
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3. Food Security
Michael Gutteridge
28/11/2020

The greatest risk to food security is to continue as present
3.1.

Introduction

3.1.1. This chapter on global food security is loosely based on the structure and arguments found in:
•
•
•
•
•

The Future of Food and Agriculture: Trends and Challenges, FAO UN 2017
The State of the World's Land and Water Resources for Food and Agriculture, FAO UN 2011
The State of Food Security and Nutrition in the World: Building Climate Resilience for Food
Security and Nutrition, FAO UN 2018
World Resources Report: Creating A Sustainable Food Future, World Resources Institute 2018
The Global Agricultural Productivity (GAP) Report, Virginia Tech 2020

3.1.2. A review of academic and popular discussion on food security suggests paradigms are heavily
Western-Centric, industrial, narrow, overly optimistic, and yet surprisingly fatalistic. There is little
connection between what is happening, or possible, in the developed world versus what is happening,
or possible, in the developing and effectively non-developing world. Yet the latter two constitute the
greater part of the planet’s agricultural production and represents an increasing majority of the
human population. There is also a dangerous and consequential failure to place agricultural
production into the context of the planet’s natural environment. Much of the production success of
Western agriculture, which is touted as the hope for the future in both the developed and rest of the
world, has been, and continues to be, highly destructive, economically and demographically distorting,
is highly fragile both biophysically and economically, and in many cases is an inappropriate and
unsustainable model for the future.1
…business-as-usual is not an option. Major transformations of agricultural systems, rural
economies and natural resource management will be needed if we are to meet the multiple
challenges before us and realize the full potential of food and agriculture to ensure a secure
and healthy future for all people and the entire planet.2
3.1.3. On current trajectory, and all things being equal, including the present rate of technological
advance and implementation, the future beyond 2050 appears grim for nearly half of the world’s
population. Many of the spectacular productivity gains and efficiencies boosting traditional agriculture
over the past 60 years have either plateaued or have become too costly, or are socially and
environmentally damaging, and are being rendered ineffective by changing biophysical, political and
social conditions. Thus, food security forecasts based on the ever-upward production trajectory since
the Green Revolution of the 1960s may be wildly optimistic as currently conceived, especially in
countries outside the OECD, see Image 1.

1

Image 1: The 2018 Global Agricultural Productivity Index™ (GAP Index™) reveals that for the fifth straight year, global
agricultural productivity growth is not accelerating fast enough to sustainably meet the food, feed, fiber and fuel needs of
nearly 10 billion people in 2050.3

However, a hungry dystopian future is not inevitable. Agricultural and social technologies already exist
to sustain >10 billion people4 comfortably, equitably, and ecologically sustainable, but many of those
solutions conflict with existing political, economic, and cultural paradigms, i.e. we can do it but we
probably won’t, thus it will be delusion5, intransigence and competitiveness that may be our undoing.
The problem is greater than just a redistribution of food from the high-income countries to lowincome countries because even if all the food produced in 2009 was evenly distributed amongst the
world’s population in 2050, there would still be a 1000 calorie short-fall, i.e. everyone would only get
66% of the recommended kcal/day/person intake of 3000 kcal.6 Near-future food security posed an
existential threat for many irrespective of climate change. What climate change will do is accelerate
and amplify the already fragile and unsustainable aspects of agriculture and challenge even being able
to achieve production levels of today.
The world has ignored the ominous constellation of factors that now make feeding humanity
sustainably our most pressing task… It is arriving even faster than climate change.7

2

3.2.

Population growth, urbanisation, and ageing

3.2.1. Most global population modelling scenarios forecast increase through to 2100, although there
are scenarios where it could decrease. As of 2019 estimated population was 7.7 billion (B), the medium
projection is 8.5B in 2030, 9.7B in 2050, and 10.9B in 2100,8 and other scenarios for 2100 include a
low trajectory of 7.3b, high 15.1B and constant 21.6B,9 see Image 2. It is suggested that if people were
to use current technology and have the ecological footprint of an average European (which is 0.6 of
the US), then the planet’s sustainable population would be only 1.5B – 3B.10
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Image 2: United Nations population forecasts through to 2100. Scenarios include Medium (expected trajectory), High (higher
fertility and low mortality), Low (lower fertility and higher mortality), Constant (continuation of historical population growth
trend). The theoretical sustainable population at European Ecological Footprint is the green dashed line.

3.2.2. Population growth will be significantly skewed toward low- and middle-income countries, with
Asia expected to plateau around 2050, and Africa to continue to grow beyond 2100, all things being
equal. Within these regions there may also be substantial differences in growth rates and population
totals. Niger in Sub-Saharan Africa is expected to have an annual growth rate of 3.75%ann through to
2050 and then average 2.12%ann through to 2100. Its population will expand from 20 million (M) to
72M by 2050, and to 209M by 2100, given the opportunity.11 Nigeria, currently at 206M, will be the
third most populous country on the planet at 401M in 2050, and growing to 733M by 2100. As of 2020
Indonesia’s population was 274M, by 2050 it is expected to plateau at 331M, and reduce slightly to
321M by 2100. The equivalent population projections for India are 1,380M, 1,639M and 1,447M,
becoming the most populous country on earth by 2050. In contrast Japan will shrink from 126M in
2020, to 106M in 2050 and to 75M in 2100. Europe at 748M is expected to be 710M in 2050 and 630M
by 2100 whilst the United States will plateau at 434M in 2100.
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Image 3: Population growth from 1950-2100 by region.12

3.2.3. These figures are based on the best data and modelling today, however, they cannot account
for anomalous events such as changing political and economic circumstances or the impact of disease,
conflict or climate change which may trigger mass migrations or mortality. Over the past millennia
there have been dramatic changes in regional populations that would have been impossible to predict.
Examples include a 30-60% contraction in Europe due to Bubonic Plague in the 14th century, up to 90%
due to disease in the Americas post European contact in the 16th century, 50-70% of the Australian
Aboriginal population in the 18th and 19th century13, or 2-4% of China’s population during the 1959-61
famine. The population of Ireland shank by around 25% in the 1840s to 1850s due to famine and
emigration, with many resettling in recently depopulated regions.
3.2.4. Demographic and economic changes associated with industrialisation and advances in
agriculture have seen a dramatic shift from agrarianism to urban wage earning. In developed countries
over 95% of the population have no connection with the land or the resources and skill to produce
from it. Their nutrition is provided solely by what they can purchase with wages. Many of those waged
jobs exist by virtue of modern discretionary consumption including leisure and non-essentials that the
apparently vibrant economies of the 21st century can support. But given the fragility of the global
economic system, the risk of famine caused by deteriorating economic conditions in any country is a
growing threat.
3.2.5. In the developed nations farms became larger, less diverse, and operate as businesses,
specializing and investing heavily in a narrow range of commodities.14
In 1900, just under 40 percent of the total US population lived on farms, and 60 percent lived
in rural areas. Today, the respective figures are only about 1 percent and 20 percent.
Moreover, agriculture is now less important with regard to the overall economy. Although
total agricultural output has grown massively, the rest of the economy has grown faster.
Agriculture accounted for 7.7 percent of GDP in 1930 but only 0.7 percent in 2000. The United
States had between six and seven million farms from 1910 to 1940. A sharp decline in the
number of farms occurred from the 1940s to the 1980s. At the same time, the average farm
size more than doubled, from about 150 acres to around 450 acres. In short, today there are
4

fewer but larger farms than there were in the past… In 1960, almost half the income earned
by farm households came from farming. By 2000, it reached a low of about 5 percent before
rebounding to about 20 percent. So while farms have become more specialized (growing fewer
commodities than they did in the past), the household income of farmers has become more
diversified and less reliant on farm income.15
The rationalisation of farming was both a product of, and a driver of, the revolution in agriculture from
the 18th century till present. The displacement of rural labour to cities in Britain during the 18th and
19th centuries, accompanied by an agricultural surplus, allowed the Industrial Revolution to
consolidate and accelerate. This is not to say, however, that conditions were better for the new
urbanites, for they were often abysmal, and child-labour played a large part in early stages of the
Industrial Revolution. The rate of demographic transition in developed countries over the past century
has been somewhat proportional to economy- and society-wide transition and adoption of
technology, growth in the secondary and tertiary economies, and the internationalisation and
liberalisation of commodity markets. Thus, in most instances transition has been incremental,
seamless, and peaceful over long periods as opposed to the potential for disaster when rapid change
is attempted, e.g. Soviet famine 1932–33 or Chinese famine 1959-61.
3.2.6. The agrarian structure in many developing countries is considerably different from that of the
developed. India has been steadily mechanising and improving production since the 1960s, and its
labour force and economy are moving away from agriculture. Yet in 2014 still nearly two-third of the
population lived in rural areas with about 50% dependent on agriculture for their livelihood.
Agriculture’s share of the economy declined from 56% in 1950 to 14% in 2014.16 Yet in the North of
the country around 50% of wheat and rice is harvested manually, and about 25% of rice in the South.
For maize, pulse and lentil crops around 90% is harvested manually, thus there is huge scope for
efficiencies, not only in harvesting but throughout the whole production chain.17 However, there are
structural and cultural barriers to the types of mechanisation and economies of scales that proved so
successful in the developed countries, let alone the enormous demographic changes that would
ensue. Indeed, for many parts of the world, inefficiency is the formula for employment, and the
political and social transition to a different model is proving elusive, especially under economic policies
that promote low-skill-wage comparative advantage.
3.2.7. In India small marginal holdings of 1.08ha represented 86.21% of total operational holdings in
2015-16. Furthermore, average farm size is contracting, and the percentage of small marginal holdings
making up total farmed area is rising.18 This profile is repeated in other low to middle income countries
and is the opposite to that in the developed countries.19 This scale of production does not lend itself
well to Western strategies of mechanisation, intensification, vertical integration, risk diversification,
economies of scale or price bargaining power.20 It is also common in low income countries for the
most productive regions, with the best ancillary resources, to be dominated by larger farms which
may be foreign or elite owned and may produce export or non-edible cash crops. Thus, models for
agricultural development that are based on the industrialised country’s experiences and values, often
do not suit, irrespective of how rational and productive they are believed to be, see Image 4.
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Woman harvesting wheat, Raisen district, Madhya Pradesh, India. © Yann Forget / Wikimedia Commons / CC-BY-SA.

Combine harvesters. Author tee_zett downloaded on 27/11/2020 from https://www.needpix.com/photo/1108456/
Image 4: Comparison of wheat harvesting between developing and developed agrarian systems.
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3.2.8. A demographic transition to an urban-based secondary and tertiary economy is often touted
as the route to development and modernisation. This formula is supported by the experiences of the
developed countries over their recent histories and is championed by well-meaning academics and
policy makers, as well as Western Agri-chemical conglomerates seeking influence and profit, often
with little regard for social and environmental cost. The past few centuries of human history have
been exceptional and may in part be an accident of circumstances. Development has not been equal
between countries with opportunity and success as much about geopolitics, internal politics, and
ethnic origin, as it has been about technology and demographics. Colonisation, conflict, repression
and genocide were as important to the success of the industrial and agricultural revolutions of the 17th
to 19th century as was any combination of technologies. Indeed, the argument can be made that these
same coercive forces continue through to today with ready examples found in Central and South
America, and in Africa, as discussed under World-systems theory.21
3.2.9. The demographic transition typically results in younger and more capable people migrating to
urban areas, leaving the rural cohort increasingly aged and less responsive to new technologies.
Typically, the growing urban population enjoy higher wages and aspire toward, or emulate, Western
consumerism. Since the 1970s the rate of urbanisation has accelerated dramatically in developing
countries, repeating what had occurred in the developed countries over the previous centuries, see
Image 5.

Image 5: Urbanization projection through to 2050.22

3.2.10. The higher incomes in urban areas typically increases demand for processed foods, animalsourced food, fruits, and vegetables. The wage earners opportunity cost for preparing food with its
embedded labour encourages consumption of fast, convenient, and street vendor food. This can
impact health as diets become higher in salt, fat, and sugar. The profile of rural and ancillary jobs
changes with fewer people working in agriculture and more in transport, wholesaling, retailing, food
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processing and vending.23 Furthermore, the rationalisation and commercialisation of food supply
promotes urban corporate strength that can set price, commodity and conditions of supply, which
typically disadvantage the farmer and the rural community. In such a weakened position, cash crops
or practices that degrade the land may be advantageous in the short-term, and if terms of trade are
weak, or political economic pressure is strong, they can become the only option.
3.2.11. In 2018, 55% of the global population live in urban areas. This is expected to increase to 68%
by 2050 and 85% by 210024, with nearly 90% of this growth occurring in Asia and Africa.25 Between
1990 and 2015 the trend has been toward more land area per capita, thus urban areal efficiency
appears to be declining.26 Many of these cities are located in areas that may be prone to impacts from
climate change including projected lethal heat stress and sea level rise. Tokyo is currently the world’s
most populous city at 37M, and a further 8 cities exceed 20M people. By 2050 the most populous
ranking will be Mumbai 42M, Delhi 36M, Dhaka 35M and Kinshasa 35M, with a further 10 cities
exceeding 20M. Only two of the 14 cities with over 20M will be in developed countries, being Tokyo
33M and New York 25M.27 By 2100, the world’s most populous city ranking will be Lagos 88M, Kinshasa
83, Dar Es Salaam 74M, all being in Sub-Saharan Africa, and a further 37 will exceed 20M of which only
3 will be within developed countries, New York 30M, Tokyo 25M, and Los Angeles 20M.
3.2.12. There is no precedent, and there is extraordinarily little planning for such enormous cities,
hence, it is unknown if these projections can be considered realistic. Lagos is located 6o North of the
equator and is also highly vulnerable to sea level rise.28 At current rates of global average temperature
increase, it is likely that from 2050 onward, Lagos will experience up to 6 months a year of lethal heat
stress, i.e. heat x humidity x duration.29 All things being equal, including civil infrastructure planning
and spending, or the capabilities of even current Western standards of agriculture should they be
adopted, Lagos, and possibly all of Nigeria could be unsustainable and probably uninhabitable by 2100
due to heat stress. A similar case could be made for most of the +20M megacities of the future. Where
will these people go?
It is baffling that we willingly and knowingly continue to sow the seeds of our own destruction,
despite the science and evidence that we are turning our only home into an uninhabitable hell
for millions of people.30
3.2.13. If it is assumed, however, that GHG emissions do rapidly reduce and temperature does not
become lethal at low latitudes, there is still a cocktail of challenges that megacities and their
agricultural hinterlands will face. These include:
• infrastructure overload and congestion
• inequality including employment, slums and shanty towns
• increase delinquency, especially gangs and organised crime
• potable water quality and security
• runoff pollution
• ecological desert and habitat fragmentation
• toxic wastes and landfill
• poor sanitation, air quality, and public health
• poor nutrition and food deserts
• highly vulnerable to economic or resource shocks and natural disasters
• disproportionate political and economic power
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Due to the forecast of rapid population growth over the next generation, and then potential natural
or coercive reduction of the total fertility rate, toward the end of the 21st century there may be a
significant age imbalance in developing countries. Thus, there will be an aging population,
disproportionately reliant upon the labour and wealth of a shrinking cohort of youth. There is little
indication that there will be either sufficient private savings or an adequate social welfare system for
the ageing majority, and as a result the human development index may plateau and then decline
irrespective of GDP.
3.2.14. To reiterate section 3.2.7, it may not be wise, or even possible, to follow the historical
incremental development path taken by OECD countries. There are many alternatives, however, very
few that would be acceptable to elite power structures or dominant libertarian capitalist beliefs.
[We studied] the impacts of population, affluence and other factors on the emissions of the
greenhouse gases (GHGs) methane (CH4) and carbon dioxide (CO2), as well as the combined
global warming potential of these two gases. We also assess the potential for “ecological
modernization” [31] or an “environmental Kuznets curve” [32] (EKC) effect to curb GHG emissions.
Our findings suggest that population is a consistent force behind GHG emissions, that affluence
also drives emissions, that urbanization and industrialization increase emissions, and that
tropical nations have lower emissions than non‐tropical nations, controlling for other factors.
Contrary to what ecological modernization and EKC theorists predict, we find that to date there
is no compelling evidence of a decline in emissions with modernization. These results support
both the “treadmill of production” [33] thesis and the “metabolic rift” [34] thesis.[35]
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3.3.

Global economic growth, investment, and trade

3.3.1. Economic growth has been uneven around the world, and uneven within countries, yet
formula for economic growth has effectively remained unchanged for over 40 years even as
technologies have evolved. As of 2016, economic modelling of the future suggested that highest GDP
growth would be achieved through Shared Socioeconomic Pathway SSP5, see Image 6. This scenario
is the somewhat idealistic Cornucopia and manifest destiny of classical economics presently shaping
government policies around the world. It is idealistic because even though economic theory suggests
grand and benevolent scales of technological and social progress will be achieved via this path, the
reality to-date has proven different. To summarise, it places faith in competitive markets, innovation,
and democracy to generate rapid technological and social progress toward sustainability. It assumes
an increasingly integrated world with enhanced education, health, and institutions to promote human
welfare. This future assumes the exploitation of abundant fossil fuel resources to support energy and
resource intensive lifestyles. Externalities such as local environmental problems including air pollution
are successfully managed through technologies like carbon capture and storage. Wealth transfer from
the growing GDP will allow government and society to effectively manage social and ecological
systems. There is little evidence that this is a possible future given current, and the expectations of
near-future technologies and their distribution, and also because of the magnitude and urgency of
existing environmental problems. Mostly, however, it will be because of the trajectory of participatory
government and a global economic system that by its very structure is accelerating inequality and the
conditions for insecurity and conflict.

Image 6: Forecast scenarios for GDP growth by regions. Each scenario depicts a possible alternative future:36 global
sustainability (SSP1); business-as-usual or middle of the road (SSP2); international fragmentation (SSP3); increasing betweenand within-country inequality (SSP4); and a future in which fossil fuels remain the main source of energy (SSP5). In all regions,
the different scenarios trace very different trajectories for GDP growth. The fossil-fuelled scenario (SSP5) consistently shows
the highest GDP growth, while fragmentation (SSP3) shows the lowest. In all scenarios, and despite their lower annual growth
rates, high-income countries would still generate more than half of global GDP in 2080.37

3.3.2. Ironically, the second highest GDP growth scenario is Global Sustainability SSP1. This follows
a path that for the most part the world is not on and appears to be moving away from. It assumes a
gradual shift toward equality, both nationally and internationally, and environmental responsibility at
a global scale. Human wellbeing becomes a major focus whilst consumption is oriented toward low
material growth and lower resource and energy intensity. It is an ideological package and policy
10

framework that closely aligns with political parties currently defined as Green Left. Given the
consistency over the past decades for such parties to remain in the minority, and recently to be
outperformed by parties to the Far Right, there is little evidence that the SSP1 scenario is likely to
succeed in the near future, even when such policy changes are crucial for changing trajectory in areas
such as emissions reductions, environmental decline or social and political backsliding. Indeed many
on the right of politics and within industry and finance would consider a Green Left shift to be
retrograde.
3.3.3. Public investment in agriculture as a ratio of its contribution to GDP is larger in high-income
countries than the low-income groups, which may partly be explained by strategic subsidies,
incentives and the pursuit of commercial opportunities. Capital intensity of agriculture is also
significantly higher in the high-income countries, but in many cases it is falling in low-income countries,
see Image 7. This does not bode well for intensification, efficiency gains and yield growth necessary
to close the gap with high-income country agricultural productivity.

Image 7: Agricultural net capital-output (value added) ratio, 1990–2015.38

Given current investment patterns and spending on social protection in low income countries, there
is not expected to be improvement in income growth and commensurate access to food sufficient to
eradicate hunger by 2030. To end hunger by 2030, assuming no shocks, would amount to
US$265 billion a year. This would include social protection programmes (US$67 billion), to improve
11

access to food for the vulnerable, and for investment in pro-poor productive activities (US$198 billion)
including structural opportunities to earn, save, invest, and improve livelihoods. There is little
evidence that most low-income countries have the capacity for structural changes, and assistance
from high-income countries is declining, see Image 8, and in many cases has being proportional to the
national interests and security goals of the donor.

Image 8: US and DAC foreign aid as a percentage of GDP.39 Note: DAC comprise 24 members of the OECD.

3.3.4. Trade agreements under the WTO have slowed since the failures of the Doha Development
Agreement, and there appears to be slippage toward protectionist policies since the global financial
crisis and this may be further compounded by national conditions, especially food security, created by
COVID19. The Trans-Pacific Partnership (TPP), the Regional Comprehensive Economic Partnership
(RCEP), and the Transatlantic Trade and Investment Partnership (TTIP) all include agriculture. Their
stated intent is to liberalise agricultural trade, and to improve rules on food safety, animal, and plant
health. There is also an intention to clarify naming, and to address patent protection, both of which
protect corporate interests in high-income countries, as well as subsidies and import restrictions. The
use of trade barriers is often influenced by domestic and international policy objectives, including
recent examples between China, Australia, and the US. Some low-income countries rely on trade
policies to give them a competitive advantage, and to protect their small or developing domestic
industries from dumping or being undercut by subsidised product.
3.3.5. International trade in food commodities has steadily expanded, although most of the food
consumed in many countries is produced domestically, i.e. imports account for 0-20% of domestic
consumption. However, the Near East/North Africa region imports more than 50 percent of its food
supply. Sub-Saharan Africa, South Asia and China are also net importers of food. Few countries are
large net exporters such as Argentina, Australia, Netherlands, Russia and the United States, see Image
9. Countries that are heavily reliant on food imports, especially staples, are vulnerable to price
fluctuations. It has been suggested that the Arab Spring revolutions of 2011 were triggered by rising
food prices which inflamed underlying domestic tensions.40 The trend for global average price for
calories has been declining since the 1960s, see Image 10. This does not necessarily mean that diets
are universally improving, but it does suggest that the economic cost of production and distribution
have been declining, and that the calorific availability of foodstuffs has been increasing, principally via
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maize, wheat and rice. It should be noted that even though absolute price is of significance, relative
price and household economic conditions at the time of a price spike must be considered.
3.3.6. Domestic and international cereal stocks play an important role in regulating price by evening
out supply. Consecutive and widespread disruptions, however, could prove problematic into the
future. This is especially the case for low-wage urban populations in importing countries, e.g. Nigeria
2050. Today, the chance of the top four corn exporters having production losses of more than 10% in
the same year is close to zero, however, this increases to 7% at +2oC warming and to 86% at +4oC.41
Just three staple crops – corn, wheat and rice – account for more than half of global calorie intake. For
each of these crops, just three countries produce at least 40% of global production.42 Four countries –
the US, China, Brazil, and Argentina – produce more than two thirds of the world’s corn. In these
countries mean total production is expected to decline by 8-18% if the planet warms by +2oC, and 1946% with +4oC warming.43 The Middle East and North Africa region, once the breadbasket of the
Roman Empire, is now the world’s largest importer of wheat, where it made up 35% of the region’s
calorific intake in 2000. This is expected to rise to 63% by 2030, thus increasing vulnerability to supply
shocks and price fluctuations.44

Image 9: Percentage of net food imports in domestic food supply in total calories.45
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Image 10: World stocks-to-use ratio and world price index for wheat

If you want to predict where political instability, revolution, coups d’état or interstate warfare
will occur, the best factor to keep an eye on is not GDP, the human development index, or
energy prices.
If I were to pick a single indicator — economic, political, social — that I think will tell us more
than any other, it would be the price of grain. (Lester Brown Earth Policy Institute)

3.3.7. Large areas of agricultural land are being used to grow crops intended for conversion to
biofuel. Producing 10% of all transport fuels from biofuels by 2050 would require 32 percent of global
crop production. It would also increase the food gap by roughly 100%, but eliminating the use of cropbased biofuels would close the food gap by roughly 14%.46 Already around 25% of the global
population has been outbid for this production potential as a food source, even though they are
categorised as food insecure. If the price of liquid biofuel continues to rise, there is little evidence to
suggest that malnourished people in low-income countries will be given preference over discretionary
and inefficient private motor vehicle transport in the high-income countries; even if those crops are
grown in the low-income country.47
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3.4.

Increasing competition for natural resources

3.4.1. Resource scarcity for some commodities and services is likely to become acute over the next
few decades. For millions of farmers, foresters, pastoralists and fisherfolk, especially in low-income
and high population regions, this could create insurmountable barriers to improving their livelihoods
and escaping poverty. Land degradation, deforestation and water scarcities are among the most
noticeable effects as population growth, market forces, and foreign investment strategies, put
agricultural and ecological services under increasing pressure.
3.4.2. Around 33% of the world’s farmland is moderate to highly degraded, especially in dryland
area, see Image 11. Soil regeneration or other remedial activities can take decades to centuries, are
expensive, and if attempted, will typically call for a reduction in short-term productivity. The common
approach to increasing agricultural production is to expand its area, usually through deforestation.
The largest areas converted during the 2010s were Brazil (18.9 million ha), the Democratic Republic
of the Congo (11M ha), Indonesia (8M ha), Angola (5.6M ha), and Canada (4.5M ha). Despite
international pressure, in some areas, notably Africa, rates of clearing have accelerated, see Image 12
and Image 13. The global distribution of land between crops (including crops for feeding animals) and
grazing is highly skewed, with grazing accounting for 77%. While livestock takes up most of the world’s
agricultural land it only produces 18% of the world’s calories and 37% of total protein.48

Image 11: Human-induced soil degradation in the world.49

The clearing of forest is currently the main driver of species extinction, it can significantly impact local
climates and hydrology, and often, only provides short-term agricultural benefits due to poor soils and
increased erosion. There are also down-catchment impacts that can include choking and
eutrophication of waterways and hypoxia in adjacent marine areas.
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Image 12: Tropical Primary Forest Loss 2002 – 2018.50

Global rates of deforestation from either clear-felling, a distributed mosaic, or thinning, are likely to
have severe consequences ecologically and socially. In the Amazon negative synergies between
deforestation, climate change, and widespread use of fire, runs the risk of causing the forest
ecosystem to reach a tipping point whereby it may flip to open tropical savanna in Eastern-, Southernand Central- Amazonia. This could occur when these regions reach 20-25% deforestation.51 In such an
event, local through to global climate and biological systems will become further perturbed and
unpredictable and may trigger poorly understood positive feedback. Despite rapid rates of clearing,
the hectares per capita of agricultural land is still declining as population grows and the limits to areal
agricultural growth are realised. The per capita arable land worldwide was 0.42 hectares in 1960. It is
expected to be 0.19 hectares in 2050.
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Image 13: The top 10 countries losing the most tropic primary rainforest forest in 2018.52

3.4.3. The biggest driver of deforestation is expansion for cattle and sheep grazing, see Image 14. To
maintain competitive meat prices, the cheapest option in many developing countries is to cut down
what they may colloquially consider unproductive or underutilised forest. They may take this option
because it is cheaper than increasing stocking-rates on existing pasture through better and more
expensive soil and pasture management. Ironically, however, if ranchers were to get a higher price for
meat and dairy, this may in fact lead to more clearing. The businesses and individuals that pressure
government to relaxed preservation policy are powerful, often multi-national, and for the most part
do not self-regulate or act in the public good. Not all of the recent data is in the wrong direction, as of
2016, 22 low-income countries have reduced the prevalence of undernourished people while
maintaining or increasing their forest cover through intensification of agricultural production and
better management of forest resources.53

Image 14: Global average land use per 100 grams of protein.54

17

3.4.4. The production of biofuel and oil crops has grown dramatically over the past two decades
displacing edible food products or encroaching into virgin land. Cereals and oil seed are used for
biofuel as well as biomass as a substitute for petrochemicals. In many instances the environmental
intention to switch from fossil fuels has created equal or worse impacts in other areas. Globally 50%
of all fish consumed are now farmed, and oilseed is a significant component of fish-farm feedstock,
thus, as wild fish stocks continue to decline, and as the human population grows, and as more people
strive for a higher protein diet which may include fish, then more pressure gets placed on the
agricultural resource to produce inedible oil crops. Fish farming is a more efficient source of protein
than beef and sheep, but there are still impacts over and above getting protein directly from plantbased materials, especially concentrated product.
3.4.5. Around 75% of global end-source bioenergy is the burning of wood and biomass for cooking
and heating. This inefficient practice will increase as population grows unless there is a significant
transfer of technologies and investment in low-income countries. Most of the wood consumed in this
way is sourced unsustainably, is labour intensive, and poses significant health risk, e.g. wood smoke.
In the slums and shanty towns of future megacities this would pose a serious problem and would likely
see the surrounding environment denuded.
3.4.6. Global vegetable consumption grew at 5.1%ann from 2000-2009, and crops used for biofuel
at 23%. By the mid-2020s around 25% of all sugarcane is expected to be used to make ethanol. In
many cases subsidies and artificial markets, both domestically and internationally, incentivise the
transition away from traditional food crops both through price signals and policy instruments. The
dramatic growth in biofuels is for the most part inefficient and illogical for use as a transport fuel. It is
understandable that a country with a presumed surplus of biofuel capacity, and a deficiency of
petroleum or foreign currency, such as Brazil, may supplement with biofuel. However, for the most
part, a transition to electric vehicles, especially for urban use, is a more rational option by almost every
measure. The consequence of a biofuel industry is to effectively prop-up a dangerous and declining
fossil fuel industry, to engage in greater environmental impact, and to reduce the potential for food
production when already a quarter of the global population is food insecure.
3.4.7. Agriculture accounts for 70% of global freshwater withdrawal, and in most agricultural
provinces, especially in dry climates, rivers and aquafers are over-utilised and classed as depleted. In
some areas up 90% of available water is utilised by agriculture. Much of the yield gains from the Green
Revolution have been attributed to irrigation, fertilizer, and agricultural chemicals. Limits to available
water, and adverse soil hydrology and chemistry, are slowing yield gains both on traditionally irrigated
land, and on the ability to expand irrigation. Between 1961 and 2009 irrigation grew at 1.6-2%ann,
however, through to 2050 it is expected to only grow by 0.1%ann due to the above-mentioned
limitations. This puts a significant constraint on exploiting Green Revolution technologies through to
2050 and beyond. Some of this constraint is being offset by gains in water use efficiency, include the
use of micro irrigation, better management and demand forecasting.
3.4.8. With increased urbanisation, industrialisation and civil engineering projects, water availability
and use are becoming more spatially concentrated. With limited supplies, there can be increased
competition during dry periods, often in conflict with environmental flows. The political and economic
strength of cities and industry can at times out-complete agriculture and environment for scarce
resources. There is also risk of reduced surface and ground water quality due to contamination from
industrial users, urban runoff and reduced flows. It is expected that inland aquiculture will expand and
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increase its demand for reliable good quality water. This industry may also out-compete traditional
agriculture, and the environment, for the remaining share.
3.4.9. The shrinking pool of commodified water will be further influenced by climate change. It is
expected that rainfall will become more variable and extreme, with some areas acquiring an increased
risk of prolonged drought, which may be interspersed by periods of flood. Rainfed smallholder farming
systems account for 80% of the world’s cropland and produces around 60% of global agricultural
output.55 With negligible resources or reserves, they have limited ability to remain viable when faced
with prolonged adverse climatic conditions. Hypothetically, if there were a rapid onset consecutiveseason crop failure in the Northern Hemisphere affecting wheat, maize, and rice, reducing harvests
by ~50%, then within ~24 months global civilisation could be in turmoil. Hundreds of millions to billions
could die of conflict and famine, until either adequate harvests returned and are equitably distributed,
or the global agricultural system realigns to become more diverse, resilient, inclusive, and food
focused, or the global population declines, a la Paul Ehrlich. It is not suggested that this scenario would
occur under normal climatic conditions, however, the future will no longer be normal. The example
of the Northern Hemisphere Little Ice Age, and the consequences of aseasonality and increased
variability, resulted in consequences for civilisation as extreme as those described in the hypothetical
above.
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3.5.

Climate change

3.5.1. The negative impacts of climate change on agriculture and rural communities are likely to be
felt earlier and stronger in low- to middle-income countries by virtue of geographic location and the
structure of their agricultural systems. The removal of CO2 by forests has fallen from 2.8 Gt annually
in the 1990s to an estimated 1.8 Gt in 2014. The Amazon rainforest region is losing its ability to
sequester CO2 owing to an increasing rate of biomass mortality.56 Marine absorption of CO2 has
declined during the COVID19 emissions reduction. The molecular differential at the ocean atmosphere
interface drives sequestration57, with the ocean trying to achieve equilibrium with the atmosphere.
Should atmospheric CO2 begin to drop through emissions reduction, the oceans will return to preindustrial conditions and venting may overtake sequestration in net flux. Furthermore, warmer
surface water of higher CO2 saturation lose capacity to sequester from the atmosphere. Changes in
ocean currents that favour upwelling, thermal and chemical stratification, and marine biological
decline can also reduce sequestration and enhance atmospheric CO2. Thus, the two primary carbon
sinks, forest and ocean, now behave to maintain current levels of atmospheric CO2 under the bestcase scenario and can become significant sources as temperature continues to rise under the worstcase scenario. Furthermore, oceanic nitrous oxide emissions are increasing58, and acidification is
dissolving ocean floor carbonate59 posing a serious risk for increased ocean venting of GHG. Should
the oceans stop sequestering CO2, and further become a significant source of GHG, there will be little
long-term future for humanity, especially should this push global average temperature greater than
5oC above current levels thus triggering further feedbacks toward +10oC. Currently this is a low
probability scenario, but we are ratcheting irreversibly toward it and large-scale remedial action is
required immediately.60
3.5.2. The net global rate of terrestrial plant growth has declined since the late 1990s, over-riding
any benefit from atmospheric CO2 fertilisation. This has been attributed to an increase in atmospheric
vapor pressure deficit (VPD), being the difference between how much water vapour the atmosphere
can hold at a specific temperature versus what it is holding at a given temperature, see Image 15. An
increase in VPD is analogous to making the air drier for plants, even though the humidity may have
increased. The impact of this is that leaf and canopy photosynthetic rates decline when atmospheric
VPD increases. This is due to stomatal closure which in turn suppresses evapotranspiration.
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Image 15: Global mean vapor pressure deficit anomalies of vegetated area over the growing season.61

The consequences of increasing VPD is that plant growth rate slows, and under extreme conditions a
negative carbon balance develops that depletes carbohydrate reserves and results in tissue-level
carbohydrate starvation. In addition, reduced soil moisture supply coupled with high evaporative
demand causes xylem conduits and the rhizosphere to cavitate (become air-filled), stopping the flow
of water, desiccating plant tissues, and leading to plant death.62
3.5.3. Increased VPD explains 82% of the warm season drought stress in the Southwestern United
States, correlating to changes in forest productivity and mortality. Furthermore, enhanced VPD limits
tree growth even before soil moisture begins to be a limiting factor.63 Thus, with increases in the
frequency of extreme heat, long-term reductions in soil moisture due to changed areal patterns and
seasonality of precipitation, increases soil moisture evaporation, and with the effects of increasing
VPD, plant productivity for food and carbon sequestration is declining. It may be the case that a stress
event where conditions synchronise happens once every decade, yet the damage wrought could be
severe and widespread, and recovery may not be complete before the next stress event occurs. This
is the process by which biological landscapes change, although over the Holocene the process may
have typically taken centuries to millennia.
3.5.4. Elevated atmospheric CO2 can reduce some mineral concentrations in crops by up to 8%,
including wheat, rice, and soybeans. Protein concentration can also be lowered whereas the
proportion of carbohydrates may be higher. With the global diet trending toward lower nutrition but
higher carbohydrate foods, the problem is further exacerbated when this is replicated in the raw
ingredients. Populations experiencing poorer nutrition are more susceptible to disease, especially
when living in high-density urban environments. Climate change is also expected to increase the
incidence of diseases, particularly water–borne diseases that cause diarrhoea which in turn will
compromise the body’s ability to utilise nutrient content from food.
3.5.5. Increased heat stress will greatly impact farm labourers, livestock and draught animals,
processing centres and distribution networks. This will be acute in low-income countries, especially
those at lower latitudes. Increased frequency or intensity in extreme weather events including flood,
cyclones and bushfires can impact all stages in the production and supply of food to population
centres. Impacts can have long-term effects, especially if resources are not available for repair and
support.
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3.6.

Agricultural productivity and innovation

3.6.1. Forecast population growth, dietary changes and commodity trends suggest that global
agriculture will need to produce at least 50% more in 2050 than it did in 2012. This figure does not
take into account lower quality or nutrient value foods that may reduce net yield utility. For some
countries to achieve self-sufficiency in sub-Saharan Africa and South Asia, they will need to produce
over 100% more food by 2050. In Nigeria, for the 5 main cereal groups, it would need to increase
production 314% by 2050 i.e. doubling each 10 years for the next 30 years, and then maintain
production growth through to 2100. Niger and Zambia would need to increase cereal production over
500% by 2050. If we consider the United States as a ceiling of 100% efficient in agricultural production
(note: it is not 100% efficient) by virtue of technology, stability, and natural endowment, then the yield
gap back to Indonesia is 60.2%, India 37.4% and Africa only 18.6%. Hence, from a purely clinical
technological standpoint, Africa should be able to close the yield gap to achieve parity with the United
States and in so doing be self-sufficient in food, see Image 16. However, there is little evidence to
suggest that this will be possible. The impacts on agriculture due to climate change mean that Africa
will not be able to emulate the United State, and indeed, the United States will likely take a significant
hit in rain-fed cereal production in the Central and South West growing districts. Africa’s agriculture is
already operating in ways that are degrading the landscape resources of soil, water, and natural
habitat. To increase yield, dramatic changes in on-farm and social technologies are required, which
will take significant financial and political investment that are not likely to be forthcoming.

Image 16: Regional self-sufficiency in 2010 for the five main cereals jointly.64 (maize, sorghum, millet wheat, rice)

3.6.2. One of the greatest advances from the Green Revolution was improved genetics, principally
for wheat, rice, and maize. However, that only provided the potential for increased yield, for the full
effect other critical technologies were required, including a dramatic increase in nitrogen fertilizer,
irrigation, and then management regime changes that included pesticides and mechanisation, see
Image 17. Furthermore, to gain the full advantage of the capital investment required to maximise this
combination of technologies, economies of scale were required, which meant increases in farm size
typically accompanied by changes in the structure of ownership, which in turn required access to
capital and knowledge. Economies of scale were realised through a shift to monoculture and intensive
farming, which in turn increased dependence on fertilizer, pesticides, fungicides, mechanisation,
precision technologies, and knowledge. Cereal production is up around 4-fold since the 1960s partly
due to a 23-fold increase in nitrogen inputs. Since the 1960s nitrogen fertilizer has accounted for up
to 80% of the increase in cereal crop yields.65 Therefore, it was not enough to just provide farmers
with new plant varieties, because any shortcomings in one or more of the accompanying technologies
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and operational factors would significantly reduce yield and compromise financial and political
investment. It should also be noted that even when all technologies are maximised, harvest can still
fail due to climatic, economic, or social factors beyond the farmers control, and the volatility of these
factors is expected to increase.
3.6.3. The narrow range of monocultures crops has caused significant environmental impacts and
presents long-term risks for food production and nutrition. Broadacre monoculture can only be
maintained through the constant and liberal input of agricultural chemicals, principally insecticides
and fungicides. It is un-natural to have a large area dominated by one species. Nature responds by
trying to break up the monopoly, including exponential population growth of insects and other pests,
or fungi and bacterial plights. The impact of pesticides on honeybees and other insect populations is
significant. Pesticides and herbicides may kill insects outright, or sufficiently impair abilities, for
example with a hive of bees, such that they weaken over time. Monoculture cropping creates a pollen
desert when crops are not in bloom, often meaning bees and other insects must expend additional
energy to forage further. A decline in insect numbers has a substantial impact on insect eating animals
such as birds. Should there then be an occasion when an insect species finds the monoculture crop
favourable, and its population begins to grow, there may be few predators in the vicinity to affect
natural control. Currently insect numbers and species are in rapid decline, with 40% expected to be
extinct within the next few decades,66 however, those losses may not include what agriculture
considers pest species. A reduction in pollinating insects will have a dramatic impact on crop yields.

Image 17: Trend in fertilizer, irrigation, livestock, yield, and emissions since the beginning of the Green Revolution.

3.6.4. It is suggested that globally nitrogen fertilizer is overused by more than 60%, with some
regions significantly in excess of this.67 Presently the cost of nitrogen is sufficiently low that the penalty
for over application does not incentivise farmers toward efficiency. There is also negligible short-term
impact on crop health if nitrogen is overapplied, albeit there is a diminishing return on productivity
with the inflection point at around 1.25 – 1.5T/ha (although highly variable). However, the long-term
impacts can be substantial. These include soil structure and nutrient decline due to the increased crop
intensity it facilitates, soil acidification and associated condition decline, nitrogen runoff causing
nitrification and eutrophication in river systems and adjacent marine environments, see Image 18.
Nitrous oxide from nitrogen fertiliser is a significant GHG being 30 times greater than CO2 over 20
years68. Via fertilizers and agrichemicals, agriculture has now become the world’s largest
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anthropogenic emitter of sulphur pollution. The impacts are expected to be similar to those found in
regions that suffered acid rain in the 1970-80s, but conclusive results are yet to be quantified and
published.69 High nitrate levels in leafy and root vegetables can impact human health. Diets with high
nitrate content contributes to endogenous nitrosation, which could lead to thyroid condition, various
human cancers, neural tube defects (during foetus development), and diabetes.70

Image 18: Marine environments effected by low and declining oxygen levels due to excessive nutrient concentrations.71

3.6.5. Nitrate fertilizers are primarily produced from natural gas feedstock and account for over 1%
of global fossil fuel demand.72 Gas is currently being touted as a replacement for coal, and in some
cases oil, with production growth at 1.35%ann 2008-2018. Estimates vary on remaining economic
recoverable reserves, and at what point peak production will be reached. According to the U.S. Energy
Information Administration’s International Energy Outlook 2016:
Almost three-quarters of the world’s proved natural gas reserves are located in the Middle
East and Eurasia, with Russia, Iran, and Qatar together accounting for about 54% of world
proved natural gas reserves as of January 1, 2016. Proved reserves in the rest of the world’s
regions are distributed fairly evenly. Despite high rates of increase in natural gas consumption,
particularly over the past decade, most regional reserves-to-production ratios have remained
high. Worldwide, the reserves-to-production ratio is estimated at 54 years. Central and South
America has a reserves-to-production ratio of 44 years, Russia 56 years, and Africa 70 years.
In contrast, the Middle East’s reserves to-production ratio exceeds 100 years. The United States
has a reserves-to-production (R/P) ratio of 13 years. [however, this will likely be extended
though exploration and non-conventional sources]73
It has been suggested that at forecast rates of production growth, the global peak for gas will occur
around 2036, all things being equal, and in Australia around 2026.74 Typically, gas fields decline faster
than oil due to its free-flowing nature. If nations develop critical infrastructure around gas, and if gas
production plateaus and then begins to decline, it is expected that the price of gas will increase. As
the price increases, alternatives to gas will be found, but there may be a period, perhaps around 2050
where there will be a spike in price. Gas and oil control are known triggers for political influence and
conflict. Such a price rise and supply squeeze may prove to be such a trigger. Without access to natural
gas, or the nitrogen fertilizers produced from it, for a period crop yield may drop by 25-50% until
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alternatives are found and mainstreamed. Such an event could result in famine that kills millions,
especially in the low-income countries. History suggests that the high-income countries will outbid the
low-income countries, or they will acquire the resources through military or coercive means. Similarly,
future shortages are predicted for phosphate fertiliser.
3.6.6. It is often said that farming can migrate in response to climate change, e.g. follow temperature
or rainfall patterns. However, this is a daunting task and is not likely to occur rapidly if at all, especially
in low-income countries, and if the country does not span latitudes with favourable new climates. It
assumes that the retreat location will have a suitable climate, which at this point is unknown, and due
to increased climate variability, there may be few to no new locations that have a climate suitable for
current methods of agriculture and plant varieties. It also assumes suitable soil and hydrology at these
new sites. It is not only the crop or grazing that requires relocation, but it is also the full suite of Green
Revolution technologies which include expensive long term infrastructure for irrigation, energy and
transport, the civic and social fabric of the farming community, and the displacement of what may
already exist at the fallback location. There is also the speed of any migration or adaption. How many
crop failures will decide when it is appropriate to move, and in an evolving climate, how many crop
failures at the new location before it is deemed to be a suitable area? Ridiculous propositions have
been made about growing crops in the high latitudes. Such arguments do not consider that the boreal
forests that may need to be cleared could be the only extensive forests left if equatorial rainforests
collapse. They also do not consider that melted permafrost will turn to acidic peat bog rather than
sandy loam for growing cereal, and there will be no winter cropping or grazing, therefore agricultural
intensity drops.
3.6.7. The culmination of all the above mentioned issues suggests that the rate of yield growth is
slowing, see Image 19, and for some commodities in some locations it appears to have plateaued, thus
at present rates of progress in agriculture, population demand looks likely to surpass agricultural
production. This is a classic Malthusian Trap scenario that can only be avoided with breakthrough
technologies, and more importantly, with breakthrough social and economic policies that change the
fundamentals of agriculture, or a reduction in consumption. The negative impacts of agriculture have
been cumulative and accelerating, and ironically often as a direct result of leading-edge technologies.
This includes land degradation, salinization of irrigated areas, over-extraction of groundwater, the
bioaccumulation of agricultural chemicals and resistances to same, and the erosion of biodiversity.
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Image 19: Average annual growth rates for selected crop yields75

3.6.8. Despite recent yield decline, and a slew of agricultural land and environmental habitat
backsliding, investment in agricultural R&D is increasing. Rate of return on agricultural R&D is high,
both on-farm and across the rural community, ranging from 20-80% return in high-income countries
and 6-12% in low-income countries. There has been some success in creating climate-smart
sustainable farming and mixed commodity grazing systems. However, although they may be
successful today, they may not be successful going into the future due to climate change or population
pressure.
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3.7.

Transboundary pests and diseases

3.7.1. Agriculture and processing are highly exposed to pests and diseases. This can include zoonotic
diseases that spread from animals to humans, such as the SARS group. There is clear evidence that
climate change is altering the distribution of animal and plant pests and diseases although the future
is hard to predict, especially due to unknown or evolving pathogens. More intense agriculture, and
greater and faster cross border trade, provides conditions under which disease can rapidly spread.
Recent programs to mass-cull animals often disproportionately impact the small producers who can
least afford it. Pandemic can have a serious impact on farm labourers and rural communities, as well
as the transport and processing chain, as seen during COVID19.
3.7.2. National biosecurity laws can be conflated with economic objectives, such as protectionism,
so that countries such as Australia may be under increasing pressure to open to potentially hazardous
trade. Plant pests are estimated to account for 20-40% of global crop production, with plant diseases
costing around US$200 billion and invasive insects around US$70 billion in 2016.76 Trends in the spread
of pests and disease into new frontiers are increasing. Addressing the outbreak and spread of pests
and disease is best achieved through belief and adherence to science and through political
cooperation, both of these crucial modern human technologies are in decline.77 It is suggested that
preventative strategies are cheaper and more effective than dealing with the problems once they have
emerged. The recurrent cost of implementing desert locust prevention in West and Northwest Africa
has been estimated at US$3.3 million a year, while the cost of bringing the 2003–2005 plague under
control was nearly US$600 million.78 Invasive plant species are moving poleward at an average annual
rate of 2.7km. Changes in temperature and rainfall can contribute to the faster evolution of new and
more aggressive strains and types of plant pests and diseases, which may affect crop varieties that are
presently resistant or tolerant. Disease vectors such as mosquitoes, or disrupters such as fire ants, are
extending their ranges and will create new challenges for agricultural commodities and farm labour.
Indeed, climate change will significantly impact the full gamut of microbiology that underpins all life
on earth, and for the most part in ways that are detrimental to human existence79.
3.7.3. The economic pressure to increase intensity of animal husbandry is growing. For this to be a
successful strategy, more animals may need to be inoculated from communicable pathogens,
however, this may contribute to the global spread of antimicrobial resistance. There is also economic
pressure for intense industrial husbandry to introduce growth agents, medicines or genetics that may
have downstream effects on humans and the environment, e.g. endocrine disruptors. In a hungrier
and poorer world of the future, the incentive to cooperate internationally on drugs, hormones or
other food safety and ethics standards, and against national or private economic interests, will likely
recede, especially in low-income countries.
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3.8.

Conflicts, crises, and natural disasters

3.8.1. Over much of the past century conflict and political oppression have been the major cause of
malnutrition and famine. They disrupt social systems that otherwise provide access to, and diversity
of food, health services and various social services and protections. Conflict is often the result of
multiple underlaying pressures that typically are triggered by climatic events and natural disasters.
Often a cocktail of events that may include long-term low-level conflict create a cycle of poverty and
breakdown of responsible governance. Global conflict statistics identify that the world has become
less peaceful over the past decade, despite no major wars, and countries that have experienced
conflict are likely to see this continue and worsen. Around 80% of humanitarian funding appeals are
the result of conflict and these are typically occurring in countries that are low-income. Conflict
relating to agriculture includes competition for land, water and other natural resources, food
insecurity, environmental mismanagement, and government neglect of poor and marginalized areas
for grazing or fishing. Low-income farming communities are especially vulnerable to conflict, with
resource denial and crop, animal and food stock confiscation or destruction common tactics used
against them. Lack of access to food causes more deaths than from violence. Between 2007 and 2012
approximately 70 000 people a year lost their lives as a direct result of conflict or terrorism, but more
than 250,000 died from famine in Somalia alone between October 2010 and April 2012 as a secondary
result of conflict. The internationalisation of food, as trade or aid, has meant that the impact of conflict
on third parties has increased. Thus, conflict is a food insecurity multiplier, and it is expected that the
world will continue to destabilise as population grows and a multitude of stressors impact minorities,
regions and nations.
3.8.2. Climate related natural disaster have increased in frequency and intensity including droughts,
floods, and storms, see Image 20. The record of the past millennium, and even the latter half of the
Holocene, identifies extreme events that exceed those observed in the period of instrumental records,
e.g. megadroughts in the Americas or Australia, or instances of heightened variability, extreme
flooding and cyclone activity. The climatology of these events can be reconstructed through the paleoproxy-record and explained through ocean currents, solar radiation, volcanic eruptions and other
large-scale forcing. The planet’s climate is variable, to a degree, it always has been. The return
frequency for an extreme event, assuming the climatic conditions of the past few hundred years, may
be in the range of 1:500 to 1:5,000, i.e. probability of occurring in any one year. However, modelling
of climate change suggests that the probability of many events is now changing. This means that what
may have occurred 1:1000, may now have a probability of 1:100. The corollary being that all
magnitude of extremes or variability have shifted, and the potential for an event like a mega-drought,
which is beyond anything in the ancient record now exists. Thus, it is a ridiculous argument to cite
ancient mega-events to suggest that climate change will not be as bad as something that has
happened in the past. For even if an event like the Americas mega-drought 1276 – 1299 that
contributed to the demise of the Anasazi and Hohokam civilisations were to happen today, it would
be devastating. However, potential for greater extremes increases with every degree temperature
rise.80 It is also often the case that cost of natural disaster or lives lost becomes the measure for an
extreme event. However, this has as much to do with civil codes, setbacks, forecasting and mandatory
evacuations as it does with climatology.
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Image 20: Climate-related disasters, 1980–2011.81

3.8.3. The populist interpretation of climate change is a somewhat linear and latitudinal shift in
conditions, often represented as the climate of one region migrating poleward to a new region, e.g.
the climate of Melbourne Australia in 2050 resembling Brisbane Australia of today. Although this may
occur at some locations and be experienced for some indexes some of the time, it is a very weak
portrayal of what to expect. Perhaps a better analogy is what is called the 4.2ky event. Due to a range
of factors, climate across the Northern Hemisphere, and principally at the latitude of the Tropic of
Cancer, see Image 21, went through dramatic change, including significant shifts in monsoon flow.82
The result was the fall of empires including the Old Kingdom in Egypt, Akkadian Empire in
Mesopotamia, Liangzhu culture in the lower Yangtze River area, and likely the collapse of the Indus
Valley Civilisation and the migration of Indo-European-speaking people into India. It is highly likely
that these bronze age civilisations, reliant upon intensive agriculture, would have suffered recurring
crop failure during a 200-year drought83 to the point civilisation collapsed and did not re-establish until
climate stabilised and ameliorated centuries later. This is what climate change looks like and this is
what it does to agriculture. The forcing that triggered the 4.2ky event is believed to have been milder
than that being projected at current rates of emissions. Such a scenario as presented in Image 21,
should it occur in some fashion between 2050 to 2100, could possibly remove more than half the
human population within years to decades through famine.84 A more recent example of small
perturbations in climate contributing to the fall of empires and dislocations of people was the global
impact of the 535AD eruption of Krakatoa. The impact was so significate across the Northern
Hemisphere that this one event, that cooled the climate for several years, marks the delineation
between the Classical World and the following Dark Ages and Medieval periods, and argued to be the
trigger for the collapse of the Roman Empire and the migrations of many people.
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Image 21: Global distribution of the 4.2 kiloyear event. The hatched areas were affected by wet conditions or flooding, and
the dotted areas by drought or dust storms.85

3.8.4. An increase in return frequency of significantly destructive events can put already
compromised agricultural regions into a negative cycle whereby they can never recover or advance.
They may remain at a subsistence level, the population is mired in poverty and civil unrest, and they
are likely to engage in even greater degrading and ecologically destructive practices. The scenario
depicting a modern day 4.2yk event, reclassifies the natural disaster paradigm from local or regional
to global, with few if any regions unaffected. Some political leaders may be tempted to use nuclear
weapons under the reasoning that there is nothing to lose, and a controlled nuclear winter may re-set
the global warming clock if enough snow-cover and ice can raise albedo.86 It is completely outside of
public and political imagination how dangerous the next 80 years will be and how pivotal the next 10
years will be to not only stop emissions, but to also remove existing emissions though gigantic global
projects, which presently could be considered highly unlikely.
…only an early deployment of CDR (carbon dioxide removal) would have the potential to
mitigate damages on marine ecosystems due to ocean acidification, projected to occur even
under the low emission SSP1-2.6 scenario, by concomitantly limiting global warming to 1.5 ∘C.
In this context, CDR only makes sense if rapid decarbonization of the world economy
succeeds—not if it founders…
Ocean acidification and climate change, as projected to occur by the mid-21st century, will
pose a serious threat to marine biota, even under the most ambitious mitigation strategies
(e.g., the SSP1-2.6 emission path).
Our study found that large parts in the Arctic and Antarctic are expected to become
uninhabitable for pteropods, because severe acidification leads to large areas becoming
seasonally undersaturated with respect to aragonite, which is the essential mineral needed for
pteropod shells. Previous studies showed that changing water chemistry and temperature
already have a negative impact on pteropod survival and shell formation. 87
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3.9.

Loss and waste

3.9.1. Globally, around one-third of all food produced is lost or wasted along the food chain, from
production to consumption. This not only raises ethical and economic concerns but represent a
considerable misallocation of land, water, energy, and agricultural inputs, and unnecessarily
contributes to greenhouse gases emissions. In the United States food waste at the retail and consumer
levels is estimated at more than 60 million tonnes per year. This represents 31% of the total available
food in the US food supply chain and corresponds to around 1250 calories per capita per day.88 At a
global scale, if food waste is converted into the embodied energy that it took to produce and distribute
it, which is overwhelmingly from fossil sources, then it represents around 10% of total global energy
consumption. Theoretically if you could eliminate all food waste, you could effectively end world
hunger today and reduce emissions by nearly 10%. To a large degree, especially in the high-income
countries, reducing food waste is less a technological problem than a cultural problem.
On average, Americans throw away one pound of food each day, the equivalent of 30 percent of
the calories they normally consume. Fruits and vegetables alone account for almost 40 percent of
the waste, 17 percent is milk and dairy products and 13.5 percent is meat… The USDA study
calculates that the equivalent of 30 million acres of cropland would be needed to produce the food
and animal feed for livestock products (dairy, meat and eggs) that Americans throw away each
year.3 Nearly 4.2 trillion gallons of irrigation water is wasted, including 2.35 trillion gallons to
produce the wasted fruit and vegetables alone. Wasted fruits and vegetables are responsible for
most of the pesticide waste, while most of the wasted cropland and fertilizer is used to produce
feed for livestock… While not covered in this study, wasted food is also a waste of agricultural
labor, capital (mechanization) and public and private-sector investments in the development of
technologies for agricultural productivity and sustainability. The economic and environmental
costs of transporting, packaging and storing food that eventually ends up in the garbage also need
to be considered in the cost of wasted food.89

31

3.10.

Solutions

3.10.1. Suppose that the challenge of global food security poses an existential threat to humanity and
without rapid and radical change 50% of humanity will disappear by 2100. Then suppose there are
only three pragmatic solutions, being to remove the wealthiest 25% of the population who in this
hypothetical consume more than 50% of global food and generate well over 75% of GHG emissions.
Or suppose the poorest 75% are removed, freeing up 50% of global food and reducing GHG emissions
by only 25%. Both hypothetical solutions are ethically flawed and preposterous, but unless rapid and
radical change occurs, some combination of the two scenarios may occur. It would seem rational,
therefore, to invest every effort into the third solution, which is taken from the “Creating A Sustainable
Food Future” World Resources Institute report of 2018, see Image 22. The key strategies include:
•
•
•
•
•
•
•

Raise productivity
Manage demand
Link agricultural intensification with natural ecosystems protection
Moderate ruminant meat consumption
Target reforestation and peatland restoration
Require production-related climate mitigation
Spur technological innovation

Image 22: The Gap filling strategies to feed 10 billion people while keeping global temperature rise well below 2 oC90

3.10.2. Dramatic advances have been made in hydroponics, vertical gardens, and intense animal
husbandry. The Netherlands has been leading the world with low input – high output agriculture, see
Image 23. Key statistics include:
•

Netherland’s agricultural land area is about 1/3 the size Tasmania, the country has a lower income
per capita than Tasmania, but it is the world’s 2nd largest exporter of food

•

They intensively produce horticulture, orchard, meat, and dairy, mostly indoors

•

Their tomato yield is 570t/ha, the global average (GA) is 37t/ha, their potatoes reach 49.8t/ha
when the GA is 21t/ha, and their apples achieve 44t/ha when the GA is 15t/ha
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•

Production is effectively pesticide, herbicide, and synthetic fertiliser free

•

They have achieved a 90% reduction in water usage and a 60% reduction in antibiotics for animals

•

Their farming systems have taken climate and competing biology out of the production equation

•

The Netherlands is located only ~1600km from arctic circle yet they produce all year

•

The official government policy is, “Twice the food using half the resources”

Image 23: Intensive greenhouse farming in Westland, South Holland. ©Netherlands Board of Tourism & Conventions
201891

Image 24: Greenhouses in Holland illuminated with LED lighting to extend growing hours. © 2020, Netherlands Foreign
Investment Agency, All Rights Reserved92
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3.10.3. Intensive greenhouse farming similar to the Netherlands has commenced at Port Augusta
Australia, (Sundrop Farms™ at https://www.sundropfarms.com/) although unlike Northern Europe, its
location is dry and arid with temperature extremes. Key statistics include:
•

The site is just 20ha, plus land area (12.5ha) for heliostats, in a semi desert region that previously
ran 20 beef cattle

•

The project cost ~AU$200 million (2015) to build

•

Average precipitation is 214mm/year, winter nights are frosty and summer days can reach 50oC

•

The site employs around 300 people

•

Almost all on-site electricity is generated from solar thermal
A 127-metre solar tower with a receiver on top absorbs the sunlight reflected from a 12.5ha
field of 24,000 motorised mirrors, each two square metres in size, that track the sun as it moves
across the sky.
Sitting within the solar tower is a steam boiler that heats the seawater to manage the climatic
conditions in the greenhouses. Steam also powers a steam generator to produce electricity for
the site, while excess heat is used to desalinate seawater to irrigate the crops.93

•

The site uses solar power to desalinise sea water, selling the by-product salt and minerals

•

It is achieving 750t/ha for tomatoes

•

This site supplies ~17,000t of truss tomatoes per year to Coles supermarkets94 at ~75t/day all year
round, accounting for 25-30% of the Australian truss tomato market

•

The system is modular and relatively mobile

•

It is a closed and controllable growing system that is not affected by climate

•

Pests are controlled by introducing predator species

•

The site is not reliant on the fertility or condition of the local soil
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Image 25: Solar hydroponic and desalination agricultural system, Pt Augusta South Australia. Source Wikimedia Commons,
Author Mansouraboud68 11 April 2016, https://commons.wikimedia.org/wiki/File:160411_Whole_Site_Aerial.jpg

3.10.4. It is acknowledged that the examples above are technology and capital intensive, but this is
not insurmountable even in low-income countries, especially given the return on investment. Similar
technology intensive approaches to animal husbandry and aquiculture are being used and improved.
This model for agriculture is provided as an example of what can be achieved but is by no means the
only options. It can be imagined that there could be industrial scale agriculture that is community
owned and worked, it could be situated close to markets or on transport corridors to reduce food
miles, and it could be established on degraded or otherwise low value land. It could even float on the
surface of the ocean with aquaculture beneath it. NASA and other scientific agencies rely on billions
of research dollars to explore ways to grow plants in space or on Mars. This is in the same class of
technologies, but so much less expensive, simple, and achievable.
3.10.5. One of the greatest challenge’s agriculture faces is the ability to grow the crops that provide
the carbohydrates and protein that underpin global diet, principally cereals, pulse crops and tubers.
Presently yield per hectare for cereal and pulse does not make them viable for intensive horticulture,
even at Western agricultural yields of ~1-10T/ha, although tubers show potential at up to ~50T/ha.
Should the economic and social value of food change, then so may the viability of technology used to
produce it. It should also be noted that changes in diet, including reduction in meat sourced protein,
may not only be market driven, but could be politically mandated tangentially though the removal of
subsidies and assistance. The typical Western diet consumes an excess of animal derived protein
which is detrimental to health, although perhaps less so than over consumption of refined
carbohydrates, e.g. sugars. Much of the developing world is animal-derived protein deficient, yet they
cannot afford the excess that is produced in the West, hence there is gross market failure and a failure
in morality.
We need to produce more food in the next forty years than all farmers have ever harvested
since the dawn of civilisation, i.e. 8000 years.95
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3.10.6. This chapter has demonstrated that agriculture cannot continue in its current form. Under
business as usual it will not keep pace with the global rate of population growth, will not be resilient
in the face of climate change, it will continue to generate unacceptably high GHG emissions, most
farmlands will continue to lose fertility and erode, resources for production are declining, and the
natural environment will continue to degrade. All technologies exist to provide for global food
security, what is now required is political will, economic incentive, and most importantly introspection
and cultural change across the farming and rural community.
3.10.7. With regards to the Australian rangelands, a new way of thinking may be required. One
example of possibly thousands, could be to retire large tracts of land, on a basis that compensates
current operators and allows them to remain as stewards or to transition to other forms of production.
Thereafter, it may be better to re-direct research and support payments away from an industry that
may not have an economically viable future, or a socially responsible future, and towards new
industries and ways of farming that will be more appropriate to a changing world. These new
industries could still be located within the rangelands. It is acknowledged that this idea does not align
with the current economic paradigm, or some perceptions of Australian culture, but it is probably the
best offer that will ever be made regarding an eventual forcing of industry and demographic transition.
3.10.8. Science has allowed us to conceive the future if we stay on the present course, and it also
offers the chance to prepare and adapt. We would be wise to change course whilst the going is
relatively good, instead of denying a problem exists or attempting to stretch a failing system as far as
we can. It is suggested that this is the type of social technology that is required prior to the
commencement of more traditional hard agricultural technologies. This is possibly the only win-win
solution and it is likely to only exist within an exceedingly small window of time. As conditions
deteriorate, and the science says that it will, the grazier will lose bargaining power and will be left to
the ravages of market forces and an unforgiving climate.
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