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Occasional Papers are released by the Initiative for Leadership and Sustainability (IFLAS) at the
University of Cumbria in the UK, to promote discussion amongst scholars and practitioners on
themes that matter to our staff and students. This Occasional Paper is a preprint of a chapter in the
forthcoming book Breaking Together (forthcoming 2023). The text has not been altered and
therefore refers to the book and its chapters. The author acknowledges the research inputs that
fed into various aspects of this paper/chapter, from Patrick Smith, Simona Vaikute, Sven De
Causmaeker, Paul Maidowski, and Matthew Slater; as well as editing support from Alan Heeks,
Kate Medhurst and Rik Strong. Funding for the two-year research project of which this is a
byproduct, was provided by VKRF. Previous Occasional Papers are available here. To share your
thoughts or activities on related issues, consider engaging this LinkedIn group. To be alerted when
the book is published, including a link to obtain the ebook for free, subscribe to the author’s blog.

“Jem Bendell’s paper (and forthcoming book) is a wake-up call that our global food systems are
approaching global breakdown due to a number of interlinked hard trends, from biophysical limits
of food production and climate change to growing demand and the destructive implications of our
profit-oriented capitalist system. The application of interdisciplinary integrative analysis and the
emphasis on economic, social, technological and ecological dimensions of the challenge ahead
helps to grapple with the complexity of the issue and to avoid simplistic solutions. It is an analysis
that motivates the reader to act at multiple fronts and critically engage with a topic that has a huge
bearing on the future of humanity.”

Dr Katja Hujo, lead author of the UNRISD Flagship Report 2022 “Crises of Inequality: Shifting
Power for a New Eco-Social Contract”.

“We are conditioned to fear disorientation and seek safety in certainty and solutions regardless of
the information available to us. Breaking that protective screen, this paper adds to the weight of
analysis that the collapse of food systems and societies more broadly is inevitable. But how we are
in relationship with these changes is not fixed even if, as this paper argues, we are stuck. Perhaps
what this paper is calling for is the spaciousness to ask new questions, to challenge habits and
myths, that may then shift perceptions. Consequently, we could be in relationship differently with
the inevitability of collapse, and sense the possibilities that are perceivable with renewed care,
compassion and generosity to ourselves and to all life.”

Scott Williams, Contributing Lead Author for the UN Global Assessment Report on Disaster Risk
Reduction 2019 and 2022 and contributing author to the International Science Council/ UNDRR
Briefing Note on Systemic Risk.

“The fragility of our systems is underexplored and we need to pay attention to warnings from
integrative analyses like this paper. And then act like never before, with fierce resistance on behalf
of life itself.”

Clare Farrell, Co-founder, Extinction Rebellion.
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Preface from the author

This Occasional Paper is one output from a 2-year research project with an interdisciplinary team
including an agricultural scientist, heterodox economist, and environmental journalist, as well as
myself, a sociologist undertaking critical interdisciplinary research analysis on sustainable
development issues. It outlines six hard trends which drive a global food system breakdown. The
paper is an excerpt from my forthcoming book on the topic of societal collapse, Breaking Together,
and shared now due to the urgent implications for both local and national governmental policies,
philanthropy strategies, and organisational or personal decisions relating to food security.

As an academic it should come as no surprise when | claim that the scientific method is a powerful
approach for understanding reality. But it should also be no surprise that an academic also
recognises how the cultural, economic and institutional influences on the research process, and
the ‘siloing’ of research into disciplines, constrains what specialists in specific disciplines choose to
conclude and communicate. Rather than asking too much of science, we have been asking too
little of it, by not interrogating sufficiently the way cultural and institutional factors, derived from
systems of capital and power, are influencing questions and findings in ways that reduce the
impetus for radical change.

Scientists who take these limitations seriously have been sounding the alarm for society. Two
hundred of them warned of potential ‘global systemic collapse’ in a report that also explained why
we do not hear such warnings so often and so clearly. "Many scientists and policymakers are
embedded in institutions that are used to thinking and acting on isolated risks, one at a time," their
report said [1].

That is why critical interdisciplinary research analysis is so important. First, it is driven by the
intention of identifying knowledge that is salient to an issue of public interest. It identifies research
publications from a variety of different disciplines that are potentially relevant to that issue and then
analyses them for what might be the most important findings on that issue. Sometimes such
findings are not what the original researchers focused on in those publications being analysed. The
process of salience identification by a research analyst involves cross-referencing findings and
claims from different subject specialisms. It is aided by a ‘critical’ approach, which stems from
appreciating the many influences on any process of conducting and disseminating research. They
include the financial and political pressures for remaining deferential to established ideas and
institutions, the de-radicalising influence of privilege, a wish to avoid difficult emotions and the
ideology of progress that can shift where the burden of proof is seen to lie when considering data.

To do critical interdisciplinary research analysis well, it can help to have experience from different
cultural, professional, and disciplinary contexts. It is also useful to have training in scientific
methodologies, the history and philosophy of science, the humanities, and critical literacy. The
latter term refers to understanding how frames, narratives and discourse shape what is assumed,
excluded or focused on, in ways that are produced by power relations and then reproduce those
power relations. Without such experiences and training, when scientists generalise outside of their
field of expertise, it can involve the unconsidered use of ‘common sense’ assumptions that reflect
dominant culture and exclude analyses that challenge their worldviews.

By recognising the limitations of reductionist research and siloed disciplines, scholars who are
interested in ‘systems thinking’ come close to such approaches but don’t always critically analyse
the source material for the biases described above. Unfortunately, critical interdisciplinary research
analysis is a capability that is neither taught nor resourced in scholarship, nor rewarded with
opportunities for professional progression. Because such analysis can lead to conclusions beyond
those made within the specific disciplines being drawn upon, and can relegate to irrelevance some
of the nuance and semantic detail, it can annoy discipline-restrained scholars. When the
conclusions are particularly troubling, or threatening to the establishment, then reactions can be
unusually negative and seek to marginalise the people, concepts and organisations involved.
Typically, that can involve accusations of sloppiness, arrogance, conspiratorial mindsets, political
bias, or extremism. Unfortunately, the temptation can be high for some experts to make such
accusations if they seek to position themselves as more reasonable in the eyes of the
establishment (whether for their professional advancement, or their theory of change, or even a
subconscious need to fawn to power in response to growing anxiety).



In the case of societal collapse, and the food crisis, the issue is so important that, as scholars, we
must not be deterred by such reactions. | encourage you to interrogate the arguments in this paper
for yourself, via the references provided. The paper does not provide ideas on how to respond to
the crisis it identifies. There are many ideas and positive activities occurring, some of which will be
covered in my book Breaking Together. This paper is an preprint of Chapter 6 of that book, and
therefore refers to the book and other chapters throughout.

Jem Bendell, March 2023

[1] Scientists Warn Multiple Overlapping Crises Could Trigger 'Global Systemic Collapse":
ScienceAlert. https://www.sciencealert.com/hundreds-of-top-scientists-warn-combined-
environmental-crises-will-cause-global-collapse

The six hard trends that lead to food system breakdown

| first started thinking about global food supplies in the mid-1990s. It was my first job after
university, in the Forest Unit of WWF-UK, where | was working to develop demand for products
certified using the guidelines of the Forest Stewardship Council (FSC). In open plan offices, people
can hear what others are up to. In front of me was Simon Lyster, working on UK wildlife. On the
other side was Barry Coates, working on nasty trade rules and global debt. Next to him was
Richard Tapper, working on toxic chemicals. Closest on my left was Michael Sutton, on
secondment from WWF International. He was working on the state of the world's fisheries, which
by that time, in 1996, were already extremely bad. Nine of seventeen of the world's major fishing
grounds were in serious decline and four were commercially finished. There were also terrible
problems with the lethal by-catch of sea creatures unwanted by industry, such as dolphins and
sharks.! After a few chats in the corridor about how my work was going, Michael asked me to lunch
to discuss an idea. Could we copy the idea of the FSC for fisheries? Translating consumer concern
into demand for products that met meaningful social and environmental criteria seemed to offer a
way forward in the face of governmental inaction. | grabbed the chance to develop something new
and, in the coming months, wrote a report on how to apply this model in the fisheries sector. If it
was to become an actual organisation, it needed a nice name. Fish stewardship and ocean
stewardship sounded like sequels to the ‘she sells seashells’ tongue twister, so in one of my
emails | put ‘Marine Stewardship Council’ in the subject line. | remember thinking I'd enjoy
submitting a report on something that sounded so important. And being important to the future of
the world was a big driver for the twenty-four-year-old Jem.

Twenty-seven years grumpier—I| mean later—I can recognize that today’s MSC has some
numbers of importance. It employs over 140 people and certifies 12 million tonnes of fish, which is
about 15% of all wild marine catch.? It is also important enough to attract criticism for not actually
addressing the social dimensions of the fishing industry as much as we’d hoped it might. But what
about the world's fish stocks? The poor guy | hired to update me on fish, as well as other food,
became rather deflated because not only is the situation worse than it was almost three decades
ago, but the causes of the problems are no longer ones we could choose to change if we only had
political will. Instead, the damage to our ocean ecosystems is now so great and self-reinforcing
there's no way of either responsibly consuming or regulating our way out of disaster. What is also
depressing for me is that many of the experts working for the leading organisations are ignoring
these systemic problems in order to remain upbeat about what the oceans can provide for
humanity in the years ahead. Yet another instance of a refusal from establishment experts to fully
integrate what's happening in the context around their topic to reveal the true extent of the disaster
we already find ourselves within. It is the insularity of privilege, which afflicts so many scholars, that
| explore further in the following chapter. As we have seen in a discussion of biodiversity and
biosphere collapse, some experts like to criticise humankind in general as a bad thing for planet
Earth by claiming that all past civilizations destroyed their environments. We have also seen the
evidence for that view is patchy. But even so, no past civilization trashed life in the oceans like
modern societies have done. Indeed, seafood was often the fallback option for civilizations under
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stress. For instance, the last large settlements of Mayans were along the coast, and there is
evidence many then set sail to new lands in North America.

Fish and seafood are just a small part of the mix which makes up our global food supply. And that
food supply is utterly dependent upon the favourability of the climate, the health of the biosphere,
as well as the energy required to produce, store and distribute food. Its mass provision also
depends on monetary, economic and social systems. History shows clearly that, should any one of
these factors fail, food supply is hit, and societal disruption and collapse can result. It is why famine
is identified as a key contributory cause of past societal collapses. Archeologists point to it as a
factor in the Mediterranean Late Bronze Age collapse,® the Khmer empire of Angkor Wat,* a
number of Meso-American societal collapses,°the collapse of the Nordic settlements in both
Greenland and Iceland® and the collapse on Easter Island (although other factors including
colonisation were also key).” Like all the other factors we discuss, a disruption to food supply does
not need to be the only, or even the primary cause of collapse. But it is unquestionably a trigger for
processes of both social and economic breakdown that lead to societal collapse. The revolutions
and social uprisings known as the Arab Spring (2010-2011) demonstrate quite clearly the power of
food shortages and associated price hikes to catalyse social upheaval, even in the modern era.

So how is the situation today? According to The Food and Agriculture Organization of the United
Nations (FAO), the global supply in 2019 provided for an average of 2963 Kcal/person/day®—so
total global food supply currently well exceeds the nominal 1800 Kcal/person/day required. The
growth in global food production appears to be a modern success story, increasing by a staggering
376% since the 1960s.° This means the food supply per person increased by around 30% at the
same time as the global population more than doubled—a truly astounding feat. Except that this
food supply is not actually available per person, because it is inequitably distributed, and so much
is wasted. Children suffer lifelong impacts from periods of hunger, so it is particularly upsetting that
22% of the world’s children now suffer stunted growth. Starvation is also looming larger. In 2020,
there were at least 155 million acutely food-insecure people in need of urgent assistance to avoid
starvation in 55 countries/territories.'® By October 2022, that figure had more than doubled to a
record 345 million people in 82 countries.!! That's more than 40% of the UN’s member states. And
it's getting worse—every year—for the past 7 consecutive years.!? 13

The problems making this situation worse are ones that humanity could fix, if we rescued food
systems from monopolies and profligacy, and ones that we are unable to fix, such as the crumbling
energy, biosphere and stable climate foundations of our global food systems. Even the cautious
FAO reports our globalised food supply system is already “stressed to breaking point.”*
Unfortunately, the result of my research into food from land and oceans concludes it's worse than
that: the systems are already breaking. In this chapter, | will outline six hard trends that
increasingly constrain the global food supply, so that many societies which did not experience
widespread food insecurity in living memory will begin to do so in a few years. And the suffering of
the many societies that already experience it, will likely increase substantially. These are hard
trends because they pose catastrophic implications for humanity unless all of them are reversed,
and yet they are difficult or impossible to even slow, while also amplifying the negative impacts of
each trend. A disruption to food supply would not need to lead to upheaval and collapse, if we
learned to forego certain kinds of foods and better share what we produce. However, none of the
commercial or governmental organisations at national or international level have any mandate or
mechanism for such an aim to be primary and to determine food distribution.

Trend 1. Modern societies are hitting the biophysical limits of food production

There are two sides to the food security equation: demand and supply. On the supply side, there is
the question of how much food the Earth can produce. This seemingly simple question is
impossible to answer. The maximum possible food production of the Earth depends not only on
environmental constraints like soil, rainfall, terrain and the length of the growing season, but also
on human choices and culture.'®> What do people regard as food? How do they produce it and what
education, technologies and infrastructure are available to support this? How do economics, trade
and politics affect the availability of required inputs, or the ability of produce to reach the intended
consumer?



We can use our knowledge, of the past and the present, to explore the possible limits to food
production, but this falls short because innovation and new technologies sometimes break through
the limits of what we know and ‘shift the goal posts’, allowing us to produce more food than we
previously thought was possible.

At the beginning of the 20" Century, German chemist Fritz Haber successfully fixed atmospheric
nitrogen (N) in the laboratory. Five years after that, in 1913, another German chemist, Carl Bosch,
developed the first industrial-scale application of Haber’s research, producing the explosive,
ammonium nitrate, for the German military. Although the Haber-Bosch process was developed for
military purposes, the agricultural applications of ammonium nitrate as a source of otherwise
limited nitrogen fertiliser were immediately obvious and the technology was widely adopted. It is
this technology that almost single-handedly allowed the world to avert a food crisis.*®

This is not to say that technological innovations are not problematic (they certainly are, as will be
discussed in a moment). But it is to say that sometimes technological innovations have significantly
shifted the limits of what we knew was possible in terms of food production. The same can be said
of irrigation, mechanisation and automation, crop breeding and genetic modification and synthetic
fertilisers and pesticides. All these technologies have had benefits and drawbacks, so whether you
regard them on balance as ‘good’ or ‘bad’, it is historical fact that such technologies have allowed
humans to break through the previously known limits to food production, and that such
technologies are precisely why, for the past sixty years, growth in food supply has been
outstripping growth in food demand. Is that cause for confidence about abundant food in future?
One way to forecast the future food supply is to extrapolate from current trends. Although that can
downplay recent and rapid changes, such as with the climate, | discovered that simply doing such
extrapolations leads to a conclusion that the food security of modern societies is already coming to
an end.

Up until 2019, global food supply was still growing. However, the rate of that growth is falling, and
has been falling, consistently now, for over three decades. In the 2010s production grew 1.4%
each year, in the 2000s it was 1.7% per year, in the 1990s it was 2.1% per year.!’ Should this
long-term trend continue it is inevitable that food production will soon stop growing and so demand
will outstrip supply. In 2017, commodities analyst Sara Menker predicted a global shortfall in total
calories as early as 2027.18

There are numerous reasons why the rate of growth in food supply is slowing. First, we now know
with certainty that climate change is constraining food production across the globe. Because this is
such a critical and paradigm-changing issue for food supply, | discuss this separately below (see
Trend 4). But even without the additional burden from climate change, there is strong evidence our
current food production systems are hitting their biophysical limits.

One important factor is that we have passed ‘peak agricultural land’. That was a new concept for
me. While | was aware of the agricultural expansion and associated deforestation that is
happening in parts of the Global South, such as in the Amazon, | was not aware that, globally,
agricultural land is actually contracting. Population growth and socio-economic development that
increase the demand for housing, industry and infrastructure is one major cause of land
conversion.!® But most loss of agricultural land is due to degradation of its biophysical status:
increasing aridity, soil erosion, soil nutrient loss, soil salinization, soil carbon decline and
vegetation decline.?’ The FAO estimates that globally the ‘biophysical status’ of 38% of the Earth’s
land surface is declining. Putting that 5.7 billion hectares into perspective, it is an area equivalent
to the land surface of Russia, Canada, China, USA, Brazil and Australia combined.?* Such land
degradation has already reduced the productivity of about a quarter of all the land surface on our
planet.?? Depending on the data source, the phenomenon of ‘peak land’ for agriculture occurred as
early as 1990 at 4.28 billion hectares,?® in 1999 at 4.88 billion hectares,?* or in 2000 at 4.95 billion
hectares.?®

In concert with the degrading and shrinking land base, the gains in production realised by
technological innovation and the industrialisation of agriculture in the financially richer countries are
now hitting their limits. Agricultural production in such countries has stagnated (and in some cases
is falling) both as the biological limits of plant and animal production are reached, and as the
environmental consequences of industrial agriculture directly affect production. For instance, FAO



data for the yields of major crops in the UK show clearly the era of steady growth in crop yields is
over, and that yields are either stagnant or in decline and are more variable than they were in the
past.?® Similar data can be shown for many other parts of the Global North.

As food production in the Global North stagnates and falls, almost all the growth we are still seeing
in the global statistics is coming from the expansion and intensification of production in the rest of
the world—particularly in countries like China, India and Brazil.?” But as farmers in the Global
South follow the same path trod by their neighbours in the Global North, they must surely reach the
same destination. Modern societies are reaching the biophysical limits of the land, water and solar
energy that can be utilised for agriculture, aquaculture, fisheries and forestry (AAFF) production.?®

Another biophysical limit of production is beginning to emerge as one of balance between different
species and habitats. As we saw in Chapter 4, the loss and degradation of wild habitat, from
various human influences, generates more stress on individual life forms, and therefore more
disease. The increase in number and proximity of farmed animals also creates the conditions for
the emergence and spread of diseases. Such diseases can pass between wild and farmed animals
and spill over into human populations. In 2019, African Swine Fever (ASF) hit pig herds across
Asia, so governments wiped out 23% of the pig herd in China and 13% in Vietnam,?° the
repercussions of which were still being felt at the time of writing. Numerous highly dangerous
variants of both swine and avian influenza have emerged in recent decades, resulting in mass culls
of millions of animals in order to protect the human population. | frame this problem here as the
limit in how far nature can be so imbalanced by human activity, but there appear to be very few
policy makers who wish to speak of such limits, despite the rise in the concept of there being ‘one
health’ that is shared by humans, farmed plants and animals and the rest of life on Earth.*°
Whatever is done in the future, we are already in an era of ‘one morbidity’ that is going to regularly
and severely decimate food supplies from farmed and wild caught animals.

Figure 1

Historical yields of major crops in the United Kingdom 1961-2020. Each of these crops show stagnation or
decline in yields over the past 15-25 years, or in the case of barley a significant reduction in yield growth and
increase in yield variability. Points are average national yields (T/ha) reported to the FAO.%! Lines are linear
regressions that highlight the changing trends in crop yields before (blue) and after (green) a directional
change.
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Trend 2: Modern societies are destroying and poisoning the biosphere their
agriculture relies upon

Humans are now the dominant force of change on the planet, a fact that has given rise to the
naming of a new epoch in geology—the Anthropocene.3? On land, more than 75% of Earth’s ice-
free surface is directly altered as a result of human activity.*® Of course, food production is not the
sole source of humanity’s impact on the biosphere, but it does account for the vast majority of our
impact on land. About 98% of calories and 96.5% of the protein humanity eats comes from the
land3* and roughly half of the plant-habitable land surface of the Earth has now been converted to
food production.® Human activity has always impacted the biosphere®® but it wasn’t until the
advent of industrial civilisation that our impacts became so great they began to threaten even the
success of agriculture across whole continents.®’

Take, for example, the impact on forests. The present-day deforestation of the Amazon basin over
the past three decades, mainly to grow beef and soy,8 is sadly just the latest in humanity’s long
history of continental-scale landscape modifications performed in the name of feeding a
burgeoning population. During the 20th Century, one example was farmers in Australia doing the
deforestation. In the south-west of Western Australia—like the Amazon, a global biodiversity
hotspot—it was government policy to deforest “a million acres a year,” resulting in 95% of the
native plants and more than 95% of the native animals being killed in an area the size of Portugal,
in order to grow wheat and other grains for humans. Just as it does in the Amazon now,
agricultural transformation came at huge cost to indigenous peoples, to native biodiversity and to



the productive potential of the land itself.*® But similar stories can be told for all the world’s grain
producing regions through history: in the 19th Century, it was farmers in Canada and the USA
(~50% and ~75% deforestation respectively); before that it was Western Europe (~80%); and
before that China (~95%).*! The pace and scale of destruction by industrial consumer societies is
what sets us apart. In the 120 years since 1900, humans have cleared more forest than they did in
the entire 9,000 years before this.*?

This deforestation causes many problems, driving climate change and new disease, as we
explored earlier in the book. But it also influences agriculture, through how it contributes to the loss
of pollinators, loss of soil fertility, loss of natural pest control, reduction of water retention and
filtration, increase in soil erosion and the modification of rainfall patterns.*®* Sometimes this
becomes stark, such as when floods, that could have been reduced by forest cover, are so
extreme they wash away crops and drown livestock. The ongoing effect is far more subtle and
difficult to quantify—but this doesn’t mean it does not exist.

One major concern in recent years concerns the loss of pollinators: there are various theories of
the cause, including climate change and chemical pollution from agriculture or even manufacturing
processes. More than three quarters of global food crop types, including fruits and vegetables, and
some of the most important cash crops, such as coffee, cocoa and almonds, rely on animal
pollination (chiefly insects). Insect populations have plunged globally by at least 45% in recent
decades and up to 70% according to some studies.** As they disappear, our ability to produce
pollinated crops is severely compromised.*® In economic terms, half a trillion dollars in world
annual crop output might already be affected.*® Some scientists from Harvard University decided to
model what the impact on human health and wellbeing might already be. They estimated the
existing decline in pollinators has caused a 3%-5% loss in each of fruit, vegetable and nut
production. As these foods are crucial to health and combatting disease, their model found that
about 1% of all annual deaths worldwide could now be attributed to pollinator loss—about half a
million early deaths.*’ It is another reminder of the fundamental truth we explored in Chapter 4—
that we are the biosphere—and as it collapses, so do we.

Impacts of agriculture on nature’s cycling of fresh water is key. Agriculture accounts for about 90%
of humanity’s total global freshwater use.*® In water-limited environments that has devastated the
local ecology, increasing those problems we just summarised.*® Some analysts are even trying to
bring our attention to how we are disrupting nature’s freshwater circulation globally.>® Although
making such claims in a massive and hypercomplex system is difficult and debatable, there is no
escape from the obvious conclusion that modern agriculture is already destroying its own
foundations, through having treated nature as nothing more than a lifeless resource to be
consumed.

If we turn our focus to the oceans, modern society’s destruction of nature’s ability to produce our
food becomes stark. Industrial, urban and agricultural pollution combined with commercial fishing
mean that no part of any ocean has escaped damage. Industrial fishing fleets have led to the
collapse or total exploitation of over 90% of the world’s marine fisheries.>! Even if our fishing
industry miraculously changed to all become MSC-certified, the oceans will not return for centuries
(if ever) to producing an abundant amount of wild caught fish—or fish that is healthy for us to eat.
One of the reasons is the amount of toxic pollution modern societies have already produced.

Over 140,000 novel chemicals and pesticides have been developed since 1950, with 5,000 of
these found widely across the global environment, yet fewer than 7,500 tested for toxicity.>?
Through mechanisms such as air circulation, agricultural run-off and direct discharge of industrial
waste and municipal water into rivers, these chemicals find their way into the oceans. As we
looked at in Chapter 4, many of these chemicals do not break down and are persistent ‘forever’
chemicals. Even in the deepest part of the oceans, at the bottom of the Mariana Trench,
concentrations of extremely toxic PCBs®® are 50 times higher than the most polluted rivers in
China.>*

The most toxic pollutants are fat-attaching chemicals that accumulate in organisms and so make
their way from the bottom of the food chain onto our tables. These chemicals float on the surface
of water, or form an emulsion, where they can become concentrated many thousands of times on
small particles, including microplastics, where they are then eaten by plankton. Some of these



chemicals are extraordinarily toxic to marine life. For example, one chemical that is found in
sunscreens and cosmetics can inhibit the growth of coral reefs at the staggeringly low level of 62
parts per trillion.>®> Microplastics are themselves also toxic and can inhibit the growth of plankton.
The problem with the range of toxic substances in our oceans is that by poisoning plankton they
could collapse the base of the ocean food chain, leading to far less life in the food chains, including
the fish that we eat. That issue has led to some heated arguments between scientists, given their
different methods of assessing how much plankton die off has already been caused. Whoever is
right, the situation looks extremely poor for the long-term health of the oceans. Some scientists are
also concluding the various foreign chemicals in our oceans are contributing to the appearance of
‘dead’ zones in the deep ocean, which are new phenomena that might even cover 30% of the deep
oceans.>® At what point these processes of toxification and dead zones might end our ability to eat
wild caught fish from the sea is unclear. But what is clear is that unlike our fishing methods, the
general toxification of the environment is not something we can suddenly solve — this toxic sea
horse has already bolted.

My colleagues and | were quite disheartened about how irrecoverable the situation is with the
widespread destruction and poisoning of the biosphere, including that done through the pursuit of
food supply. The tragedy is that it is already damaging food security and will continue to do so,
whatever responses humanity might now marshal.

Trend 3: Current food production relies on declining fossil fuels

The ability to nearly quadruple the global food supply in the 60 years prior to 2020 was the result of
a confluence of technological advances during the latter half of the 20" century that resulted in a
transformation of food production commonly known as “the green revolution”.5” All but one of the
key drivers of this transformation have relied on fossil fuels (the exception being the targeted
breeding and selection of domesticated plants and animals).>® A crumbling of the energetic
foundation of modern societies we covered in Chapter 3 therefore spells a crumbling of current
modes of industrial farming. A quick summary of the role of fossil fuels should help to make that
starkly clear.

First, the application of internal combustion engine to the existing mechanization of agricultural
production practices, beginning with tractors in the 1910s, then self-propelled grain threshers and
reapers (‘combine harvesters’) progressively from the 1930s, transformed production capabilities.
Since then, oil-powered machines have become crucial to every stage of the production,
processing and distribution of foods. Second, synthetic nitrogen fertilisers have been central to
production growth since the 1950s, and are made from fossil fuels.®® It was estimated in 2008 that
roughly half of all food produced in the world is reliant on such fertilisers.®° Third, herbicides,
pesticides and fungicides are also made from fossil fuels. These chemicals have been central to
protecting yields when huge fields of genetically similar crops are susceptible to disease spreading
throughout. To do without such agrochemicals is possible but requires a completely different
approach from industrial ‘monocultures’.®! Fourth, irrigation has been key to bringing more land
into agriculture, and typically this uses pumps and infrastructure dependent on fossil fuels, not the
gravity-based systems developed over past millennia. Over the past two decades, the proportion of
arable land under irrigation has increased from 21.7% in 2001 to 24.4% in 2018, and is likely to
grow due to adaptations to climate change.®? Irrigated land supplies about 30% of global food
production.®®

According to the FAO, manufacturing the inputs, then production, processing, transportation,
marketing and consumption, means the food sector accounts for approximately 30% of global
energy consumption, and more than 1/3 of global greenhouse gas emissions.®* It can’t be stated
more clearly than this: the current food supply of most of the world’s population is from industrial
modes of production which are utterly dependent upon resources that are becoming less easy to
obtain, and which destroy the basis for that agriculture through contributing to climate change and
poisoning the biosphere. Understanding this situation means that, if we recognise modern
societies are fast approaching a ‘net energy cliff where the availability of fossil fuels to society is
rapidly constrained,®® then we must recognize there is also a food cliff.



The vulnerability of our food supply to instability in fossil fuel supplies is highlighted by the current
global situation with nitrogen fertilisers starting from 2019. ‘Natural gas’ (perhaps better termed
‘fossil gas’) accounts for up to 90% of the cost of these fertilisers. In three years, the price of that
fossil gas soared as much as fiv