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FOREWORD

The world’s people are consuming more resources than
the earth can provide sustainably. Our climate is changing, we
are struggling to protect and restore the ecosystems people rely
on for food and other resources. Continuing harmful activities at
a scale that is unsustainable is causing deterioration of our physical
environment. If that was allowed to continue for long enough, the
accumulation of environmental damage might become large enough
to threaten civilisation itself.

These are big problems and solutions are being developed.
But the remedies are not yet being deployed quickly enough or
at large enough scale to reverse the environment’s deterioration.

We need new ideas to help us better protect our environment
so it will support the economy in the future.

Rick Boven’s book helps us to look at the environment in

a different way. He explores the paradigms, theories, beliefs and
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values that guide our behaviour. He identifies ideas that were
dominant and very useful during the 19" and 20% centuries but
have now become obstacles to protecting and restoring the world’s
environment.

"The book proposes different ideas that we could use to think
about the economy and the environment. If more or the world’s
people understood the risks from environment damage, then
more people would demand that leaders implement policies to
operate the economy in ways that reduce damage and protect our
civilisation’s future.

Many ideas from different sources are woven together
to reveal our civilisations place in history, explore our future
possibilities, and reveal what everyone can do to contribute to a
safer future. The soft-landing is a proposal to target aligning the
amount of environmental damage caused by the world’s economy
with the capacity of the environment to support it.

If more people understood these ideas, then it would be
casier for leaders to get support for policies to deliver a safer future
environment, a stronger economy over the long term, and well-
being for the world’s people. The result would be a faster and more

effective response to the big environmental issues that we face.
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N—_——
PREFACE

As a child I learned about the achievements of the ancient
Roman civilisation. I asked myself why did their civilisation
collapse, if they were so successful? Later, I wondered what
would happen to us.

Curiosity and a desire to understand how the world works
led me to study social sciences, becoming a social researcher, a
teacher of research methods, and a consulting statistician.

Founding a technology firm led to studying business and
then a long career as a strategic management consultant.

Obsolete paradigms were often the root cause that led our
clients to ask for help. I learned how to help large organisations
adopt more useful paradigms, to identify and implement
strategies to reverse their decline, and to organise for ongoing

SUCCcesS.
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Lifelong study of history, science and technology, caring
for nature and concern about growing environmental issues led
me to ask myself if the world’s inability to respond effectively to
environmental challenges might also be a paradigm problem.

To answer that question, I began what would become a
ten-year journey to complete a part-time PhD in environment
management, starting in economics, transitioning through
management science and completing in environmental science.

That thesis work helped me to understand what was
going on, but diagnosis by itself is unsatisfying for a strategist.
It is of no practical benefit unless it is followed by strategy and
implementation.

During the years I worked as a strategist, I spent some of
my time trying to help others understand the environmental
challengestheworldfaces.Igavetalks,influencedleaders,andleda
think tank where I developed strategies toinfluence state policyin
the domains of innovation, economic development, social issues,
and environment management. More recently my work has been
concentrated in providing advice to businesses, governments
and NGOs on strategies creating or responding to technology

driven disruption, and strategies to navigate interactions among

ol
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business, investment, regulatory, social, and environmental issues.

Changing the thinking and direction of business and
government leaders requires paradigm change that is usually
relatively straightforward because the organisations have a
common understanding of what success looks like, their leaders
are well-motivated to achieve that success, and the paradigm
changes required are about the means to achieve success.

Changing the way powerful people think about the
environment is much harder because it requires changing
entrenched beliefs and values that are supported by a dominant
paradigm that locks people into thinking in a particular way.

I gave up trying to influence change directly. I realised that
I needed to explain the changes the world needs in a compelling

but casily understood way. This book is the result.
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INTRODUCTION

How will civilisations future unfold?

The subject of this volume is the large strokes being painted
on the canvas of history, larger than the megatrends and technology
breakthroughs that occupy much of futures thinking. The argument
made is that the big picture of the 21%century will be qualitatively
different from the preceding two centuries and that the difference
has important implications for the next few decades.

Itis widely believed thathumanity has unlocked atechnological
treasure chest that will allow Earth’s people to continue indefinitely
on a growth path towards the futures anticipated in utopian science
fiction. That belief is easy to adopt because it paints a rosy picture
of the future with ongoing technological advance and ever-growing
economies delivering the continuing increases in the standard
of living, life expectancy, and well-being that have been defining

features of the last two centuries.
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That dominant paradigm is built on the foundations of
successful technological innovation and neoclassical economics.
It has established economic growth as the principal societal
objective, the guiding principle for policy,and the mostimportant
criterion used to judge the success of leaders. The pre-eminence
of the dominant paradigm is supported by compelling evidence
from more than two centuries of success and continuation of
economic growth as the 21% century proceeds.

An opposing view claims the Earth’s people are facing
important challenges which threaten that dominant vision of
uninterrupted growth. The alternative view highlights the finite
scale of the Earth and emerging environmental constraints as
evidence that ongoing and safe growth should not be assumed.
A few voices highlight connections between increasing
environmental constraints and recent economic and political
instability in some of the countries that are struggling.

Proponents of those two views are competing to guide the
management of our future.

Which paradigm more closely explains humanity’s 21%
century circumstances matters because a mismatch between

societal management strategy and feasible futures would be
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costly. Continuing to pursue growth if ongoing growth is not feasible
would risk civilisation-threatening economic failure, disruption, and
environmental damage. Changing course to prioritise sustainability
when such a change is not needed would be costly too, potentially
reducing material well-being for many people.

Whether today’s leaders recognise it or not, humanity’s
collective leadership faces the question of whether the impressive
growth of the recent past can be extended through the 21%century
That question cannot be answered within either of the paradigms
because each paradigm provides its own answer, and those
answers are “yes” and “no”. It is difficult to see the shape of
something when you are inside it. A means must be found to test
the paradigms against one another in a way that does not depend
on the assumptions and arguments of the paradigms themselves.

The argument that follows offers an assessment and
proposes a change of direction. The most fundamental issue
addressed is “what should we believe about our future?”
Constructing an understanding of our future possibilities
depends on ideas and evidence from a wide range of sources.
No single theory or data point can resolve the issue.

The conclusion reached is that the dominant paradigm
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being used to manage the economy-environment interaction
does not equip us well to understand and manage the world’s
current and future circumstances. Many of us scoft at the
incorrect paradigms used by civilisations that preceded ours
and yet have the hubris to think that our civilisation is the one
that has got it right, and so it will persist.

"Today, human society comprises one connected civilisation.
We can communicate with one another relatively freely,and most
of us are connected to the Internet. Ideas, genes, and parasites
are being exchanged across the world. We have mutually
dependent trade relationships and global organisations. There
are sub-civilisations like “western civilisation”, and there are
pockets of people who are more distinct or separate, but we
have established a single global civilisation.

When we consider the management of civilisation’s future,
we are engaged in societal management strategy. Considering
societal management strategy triggers an important question that
is not asked often: is there some best way to manage a civilisation
that can be discovered, and once discovered, can be applied
universally to deliver great outcomes? Or does the optimal

societal management strategy vary according to circumstances?
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Strategy is built on three important foundations: purpose,
the definition of success, and diagnosis of the current situation.

Purpose is the first important foundation. Civilisation is a
good thing because people who live in civilisations are safer and
healthier, live longer lives and have more material consumption.

There are many threats to the future of civilisation,
including nuclear conflict, a global-scale natural catastrophe or a
pandemic. The threat of interest here is from over-exploitation
of the environment, which is a concern because over-exploitation
and collapse have been a cause of many past civilisation failures.
A civilisation collapse would have severe adverse consequences
for people living today, for future people, and for the world.

If we think civilisation is a good thing, then we could choose
a purpose for societal management of ensuring the continuity of
a thriving global civilisation.

The second foundation for strategy is understanding what
success looks like. For the analysis which follows, success will
mean a sustainable civilisation that delivers safety, health and
well-being to the people who live in it.

Diagnosis is the third important foundation of strategy.

Diagnosis is often too superficial to guide strategy development.
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For example, we might identify climate risks and then
quickly conclude that we should “de-carbonise” the economy.
Identifying a goal like de-carbonising and some available or
future technologies and calling that a strategy is not enough
to get the job done. It may be important to understand the
obstacles to de-carbonising and how they might be overcome.

Once the purpose is understood, we know what success
would look like, and we have a sound diagnosis, we can develop
the strategy. A strategy is a special kind of plan; it is a plan to
reallocate effort and resources to achieve success in the future.

The argument in this book uses four lenses to diagnose the
Earth’s current circumstances and develop a high-level strategy
that will establish conditions to increase the likelihood of the
continuation of our civilisation.

The four lenses are environmental observations, our place
in history, co-evolution of ideas, behaviours and outcomes, and
implications for management.

The environmental observations are important departures
from sustainability which signal trends that will threaten the
future of civilisation if they continue. A revised interpretation

of our place in history provides a theoretical foundation for a
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proposed new paradigm. Understanding how our ideas co-
evolve with behaviours and the outcomes we experience reveals
how people can act to protect our civilisation.

Management ensures actions will be taken to deliver the
future outcomes we prefer.

How the world’s people will navigate and manage our
way to a successful future civilisation should be the big
strategic question for us all. An important complication is
that many people today do not feel they have an obligation
to act individually to improve outcomes for the communities
and societies they live in, preferring to focus instead on
improving outcomes for themselves and their families.

The book offers a diagnosis and concludes by offering a
high level, high potential strategy to reduce the environmental
risk to civilisation. The strategy is high level in the sense that it
indicates what needs to happen and how it can be made to happen
but does not specify the detailed implementation steps. The
strategy is high potential in the sense that it identifies a way to
get back onto the pathway towards a successful future for our

civilisation.
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Environmental observations

Environmental scientists and activists identify and
highlight many environmental changes that threaten humans,
other animals, plants, and the ecosystems we all depend upon.
These changes take many forms, but there are three high-
level environmental threats, each of which, if they proceed as
scientific opinion expects, might challenge the continuation of
growth, and threaten the existence of modern civilisation.

The first threat is from changes in the atmosphere,
which threaten climate stability, agricultural productivity, built
infrastructure and ecosystems. The second threat is from the
global population and the world’s economy becoming very
large relative to the resources available. The third threat is from
the decline of the quantity and quality of the ecosystems that
support human life.

Various responses are offered to counter claims that
these three threats are existential for our civilisation. The
environmental issues might not be as serious as the scientists
claim, technological solutions might emerge that will overcome
the threat, or actions in the future might counter the threat or

avoid the consequences.

THE SOFT-LANDING: RE-VISIONING CIVILISATION’S FUTURE

Logically, the Earth is a finite resource, so growth cannot
continue indefinitely. However, we might be along way from the
limits, or they could be very close.

Uncertainty about the magnitude of the environmental
threat, the potential for technological solutions and the
expectation of stronger societal responses in the future makes

it difficult to predict how the future will unfold.

Our place in bistory

Today’s future is embedded in a much longer history. If we
could understand the shape of that history, that might help us
understand what we should expect in the next few decades.

Centuries ago, mainstream thinking saw history as the
unfolding of events in relatively static societies and environments.
History was presented mostly as the stories of leaders who
competed in a relatively stable world.

The idea of continuous and unending progress is a
relatively recent theory about history. The received wisdom
from historical accounts written during the 20%century was a
story of continuous growth driven by advances in technology

and social organisation. Interruptions such as the “dark ages”



RICK BOVEN

were caused by invasions of barbarians which disrupted
civilisations and temporarily delayed progress.
That 20" century view of history is embodied in the continuous
growth models of neoclassical economics, where the factors
of production, capital and labour are used to provide output
for current consumption and for increased stocks of capital
and labour. The productivity of the factors of production is
increased by improvements in technology. In conventionally
applied mainstream neoclassical economics the environment
does not constrain aggregate economic growth, by assumption.

Our willingness to take actions now to protect future
outcomes depends a lot on what our theories about history
lead us to believe about the possibilities. If we believe the strong
global growth trend of the last 200 years will inevitably continue
indefinitely, then we are likely to be confident that technological
changes and future responses will ensure that all will be well for
modern civilisation.

Contrary to the 20%century historical stories about
European civilisations, historical civilisations often collapsed.
Almost all the important bronze age Eastern Mediterranean

civilisations collapsed between 1200 BCE and 1000 BCE.

10
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Western Roman civilisation declined and then collapsed in the
4thand 5™ Centuries AD, after damage to grain-producing land,
first in Italy, then in the Nile Valley and then in Africa. England’s
population declined dramatically between 1300 and 1400.

More recent accounts, informed by environment analyses
of these events and many others, provide a picture of economic
and population growth driven by food technology advances
being deployed within abundant environments, growth to a
scale that more than fully exploits the environment, and then
collapse that is caused by scarcities of important ecosystem
services, often accompanied by, or triggered by climate change.

Will the future of our civilisation be different? What if there is
a pattern in history that might inform our thinking about our future?

Thehistorical record looked at through thelens of this question
shows cycles of advancement, overshoot, and collapse, not only for
human populations but also for populations of other animals.

The prevailing modern view is that we can be confident
that our civilisation will not collapse because our discoveries
of technologies and other forms of knowledge will ensure
higher and higher levels of consumption and well-being. Does

our technological prowess make us qualitatively different from

11
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the civilisations that preceded us? Or do structural, historical
processes imply that we are heading towards a collapse too?
The argument presented in Part 2 offers a story about the
world’s history which accommodates environmental constraints
along with the recent rapid growth fuelled by technology. That
alternative paradigm, together with evidence on the state of the
global environment, implies that the scale of our modern economy
is growing beyond the capacity of the environment to sustain it,

exposing modern civilisation to an increasing risk of collapse.

Co-evolution of ideas, bebaviour, and outcomes

If we conclude there is a material risk that the scale of the
modern economy could overshoot the capacity of the environment
which supports it, then we might want to intervene to change
humanity’s course and reduce the risk. Intervention requires a
theory of how purposeful action might alter the course of history.

There are many ideas that explain how history unfolds. At
one extreme, there are traditional beliefs that often imply that
history is inherently difficult for humans to influence because
everything that happens is predetermined or is controlled by a

supernatural being or beings.
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At the other extreme, there are more modern views,
influenced by the thinking of Kurt Gédel and the arguments of
Karl Popper, which imply that anything can happen, that futures
offer infinite possibilities, and that our future will unfold in a
way that cannot be predicted or influenced.

If either of these extreme views about our future is adopted,
then there can be no place for deliberate interventions by individuals
or groups of individuals that could materially alter future outcomes.

The idea that humanity might avoid threats to our modern
civilisation requires adoption or development of a nuanced
theory of historical change, one that allows human preferences
and actions to influence future outcomes.

The potential for purposeful intervention requires a
model of societal change that allows for ideas to change in
response to societal circumstances. The simple model proposed
here says that ideas drive behaviours, and behaviours drive
outcomes. People observe outcomes and change their ideas,
changing their behaviours and their outcomes in a continuous
adaptive process. In the model, ideas are not universally true
or valuable but adapt to be appropriate responses to prevailing

societal conditions.

13
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conditions.

Prevailing societal conditions are a result of recent history.
When the world’s economy was relatively small, around 200 years
ago, technological innovations increased the output that could be
obtained from the environment, creating huge growth potential.
Now the economy has become large relative to the environment,
and continuing growth is making the economy even larger relative
to the capacity of the environment to support it.

If the environmental damage is really a threat to civilisation

there are three possibilities. It may be decided that intervention

14
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is unnecessary so we will continue to follow the course towards
collapse, intervention may be needed and successfully promote a
change of course, orintervention may beattempted but unsuccessful.

Only the successful intervention possibility responds
effectively if there is a need for action to reduce the risk of
collapse. It seems obvious that changing ideas would be required
to change the course of the world. What is less obvious is which

ideas should be changed and how.

Management

The processes that are increasing societal risks are not new.
Whatis new is a kind of perfect storm comprising the magnitude
of the environmental challenge, the steepness of our continuing
growth and environment damage trajectories, and the strength
of currently dominant ideas: the paradigms, theories, values, and
beliefs that hold us on the growth trajectory.

Recognition of increasing risks by many peopleis producing
widespread responses designed to protect the environment.
Despite widespread and increasing efforts, the responses so far
fall a long way short of what would be required to shift modern

civilisation onto a low-risk trajectory.

15
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Our choice, as individuals, communities, societies, and
humanity, is either to remain on the current path, continuing to
compete in the 20"century GDP growth races, or to attempt to
shift onto a new path where we seck a different goal.

Recognition of the need for change by some of the Earth’s
people has not yet established the scale of change required to
reduce the risk of overshoot and collapse to an acceptable level. If
the difficulty arises because those whom we would normally rely
upon to lead change are not managing to reduce the risk enough,
then we need to find another pathway to a management solution.

High-quality diagnosis of the situation and of the obstacles
to success are essential foundations for a civilisation-protecting
strategy, but diagnosis is insufficient by itself. The interventions
that will deliver success must be identified too, and they must be
implemented.

Proposed solutions such as “protect the environment”,
“decarbonise the economy”, “become sustainable”, or “keep
global warming below 1.5 degrees Celsius” are not strategies.
They are goals. Another way to put it is that they are aspirations
intended to guide and motivate change. They include an implied

missing step which is “and then a miracle occurs”. The miracle

16
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hoped for is that articulating the goals will somehow cause the
actions that will lead to the desired outcomes.

A strategy is a special kind of plan. It is a plan to be
successful at something important, or to achieve a highly valued
goal. Plans can only deliver valued goals if they are well-designed
and are implemented.

Shifting our civilisation onto a course to match the scale
of the economy with the scale of the environment requires the
same three steps that are required to resolve any environmental
issue: identify the changes required, develop a means to ensure
the changes, and then act.

The first step identifies physical or “technical” solutions.
Technical solutions directly affect the physical world and
involve technologies, economic activity, human behaviours,
and environmental outcomes. Many technical solutions have
already been identified by scientists, engineers and others who
understand how the physical world works.

Second, activity changes to implement the technical
solutions must be launched via policies or other interventions that
can change behaviour. Economists, policymakers, behavioural

scientists, and activists have identified incentives, regulations and

17



RICK BOVEN

motivations that could alter the choices of the decision-makers
whose activities influence the adoption of the technical solutions.

Third, the policies must be implemented, so changes happen.
Failure to implement policies that would ensure the technical solutions
are deployed is the most important reason that environmental damage
continues today at a scale that increases risks.

Thereare three principal types of actorsinmodern societies
who might implement changes to ensure the environment can
continue to support the economy: businesses, governments, and
people. Each type of actor faces important obstacles that have
so far prevented them from taking sufficiently vigorous action.

The solution, which follows from the argument so far, is a
strategy to facilitate the management of the communication of
selected ideas so that the obstacles faced by each type of actor
are overcome. Overcoming those obstacles should empower the
actors to act so that changes in behaviour today will alter future
outcomes, reducing the risk of civilisation collapse.

Politicians, marketers, social media entrepreneurs,
commentators and missionaries exert influence deliberately
to get the outcomes they want. The world has become a place

where contests among ideas are common. Often the promoters

18
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of ideas are insincere, seeking personal or sectional advantage.
Idea change is gentle but powerful, and it can be used

cthically to improve future outcomes for the world’s people.

<)

The chapters that follow offer an explanation of the world’s
circumstances, propose idea changes to reduce the risk that
civilisation will collapse, and show how those idea changes can be
achieved.

The argument should not depend crucially on any single fact
or facts. It is a rearrangement of what is already well-known to
forman argument for a change of direction for modern civilisation.

The text is written to be accessible to the general reader
and does not require a specialist understanding of the subject
matter. The content used is conventional within the subject
domains it is drawn from. Sceptical readers are encouraged to
test elements that appear wrong or contentious.

The conclusion draws the ideas together to propose a
paradigm change, a strategy, a means to implement that strategy,
a vision for a safer world, and a practical and simple proposal for

action by every person who is willing to help.

19
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PART 1:

EXISTING IDEAS
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Chapter 1I:
N—_——

SCARY
SYMPTOMS

Climate change threatens

Modern civilisation was built with fossil fuels. Prior to
industrialisation, animals, wood, wind, and water provided
energy for transport, smelting and milling. Human and animal
labour provided food. Once industrialisation accelerated around
1800, the demand for energy increased, and coal was exploited.
Technology was developed to use coal, and later oil and gas, to
provide energy for modern transport, industrial processes, and
agriculture.

Burning fossil fuels releases carbon dioxide, which is the
most damaging greenhouse gas. Agriculture and industrial
processes release greenhouse gases too, notably methane and
nitrous oxide. Increasing the concentration of greenhouse gases
in the atmosphere reduces the reflection of incoming heat from

the sun back into space and warms the Earth.
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The scale of atmospheric change is large. So far, the increase
in the atmospheric concentration of carbon dioxide is equivalent
to about half of the pre-industrial concentration.

Climate change is a natural process. Climate changes during
the last few million years have swung from ice age conditions to
warm periods like today. The warm periods were usually shorter
than the current 10,000-year warm period that has allowed the
emergence of agriculture and civilisation.

Rapid warming towards temperatures beyond recent
planetary experience is making it difficult for nature to adapt, and
that creates risks because the world’s people are still dependent
on nature for food, clothing, and shelter.

Temperature increases are changing planetary conditions in
several ways that will increase the temperature further. More water
and heat in the atmosphere, shrinking arctic ice and the release
of trapped methane are effects of warming which contribute to
further warming. These and other positive feedbacks identified
mean that once the warming trend becomes established, the
Earth is likely to warm even more, and the warming trend is likely
to become more difficult to reverse.

The world’s leaders have become concerned about growing

()
[N
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risks from not being well-prepared for climate change. Many of
the Earth’s countries have formed agreements to move towards
policies that will limit the temperature increase to not more
than 1.5C since pre-industrial times. Increase above the target is
estimated to create unacceptable risks.

Warming is already around one degree. Further warming
is inevitable because there is a lag between the time greenhouse
gases are emitted and the warming that results. Many scientists
have concluded the 1.5C target can now only be achieved by
actively extracting carbon from the atmosphere.

Increasing global temperatures evaporate more of the water
that is present on the land, leading to an increase in droughts.
Higher temperatures over oceans increase the water temperature,
which increases evaporation and then rainfall over land. Along
with increases in average temperatures and rainfall, there is an
increase in the frequency of extreme events.

When global temperatures rise, some forested land becomes
dryer, so forest fires become more frequent and damaging. Forest
removal for agriculture, by timber harvesting and from wildfires
exposes soil to increased risk of erosion. More intense rainfall

runs quickly off the exposed land, causing more severe floods,
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which erode productive land and damage infrastructure.

A warming planet melts glaciers and icecaps, disrupting river
flows, altering ocean currents, and increasing sea level. Increasing
sea level threatens coastal cities and plains.

The climate changes observed so far are faster and larger
than most models predicted, and the effects of climate change are
more damaging than predicted. Further, new evidence is mostly of
discoveries of more severe climate change mechanisms and effects.
There is little good news coming from scientific discoveries.

Stable temperatures and regular weather patterns are
important for agriculture and civilisation. The climate forces that
are being unleashed are not only causing regular and predictable
changes. They are leading to climate instability which harms
wildlife and threatens food production.

A tipping point occurs when a trend or series of smaller
changes causes a larger change that may be irreversible or difficult
to reverse. The Earth appears to be approaching several climate
tipping points.

One example of a tipping point in the climate system seems
to have been reached a few years ago. Increasing temperatures and

melting of the arctic ice cap have warmed the arctic rapidly. The

THE SOFT-LANDING: RE-VISIONING CIVILISATION’S FUTURE

warmingarctic weakens the polar vortex, a rapid air circulation that
drives northern hemisphere weather systems. A weakening polar
vortex slows weather circulation, so cold air stays in one region
for longer, causing more intense cold weather. Warm weather
systems also slow, causing more heat to accumulate, increasing the
frequency and severity of heat wave events.

The effort to reduce climate change is not yet enough to
slow and reverse the threatening climate trend.

Given the science and our experiences so far, it seems there
will be much more effort required to reduce greenhouse gas
emissions than many countries and businesses are planning for, or
there will be a lot more change in the Earth’s climate than is being

prepared for, and likely both.

Emerging scarcities

During the 19" and 20™ centuries, people on Earth lived in
an age of abundance.

Population growth was made possible by adoption of more
productive agricultural methods and technologies, initially
accelerating in England after 1750 and then diffusing throughout

the world. A large increase in food productivity reduced famine,
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improved nutrition, and lowered mortality rates. The population
grew by a factor of about eight times between the beginning of
the 19" century and the end of the 20

Increased agricultural productivity reduced the proportion
of the population needed for food production, so many more
people could live in towns and cities.

People who were no longer required to produce food
provided labour to grow the industrial economy. Fossil fuel
energy, advances in technology and more available labour
combined to increase production of consumer goods and
services. Consumption per person also grew by a factor of about
eight times during the 19 and 20" centuries.

Today’s globally integrated industrial economy is more
than 50x larger than the world’s economy was in 1800. The
world’s people have accumulated wealth in many forms, including
housing, transport infrastructure, and factories of many kinds.

Many potential resources are abundant in nature.
Technologies developed to gather or extract those resources
convert the potential resources into actual resources.

For example, a fisher may use fishing-net technology to

gather fish at the seashore. The fisher’s productivity is limited
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by the resource stock near the shore and the quality of the net
technology used. Offshore trawler technology innovation can
convert an inaccessible wild fish population into a productive
fishery stock that did not exist before the trawling technology
became available.

Rapid advances in a wide range of technologies meant
that increases in the effectiveness and efficiency of resource
extraction methods could maintain growth of supply, usually
accompanied by reducing extraction and logistics costs per
unit produced. Growing markets provided profits that were
reinvested in increased capacities and better technologies. The
global economy grew, and real prices fell.

Once the rate of extraction grew large enough, though, the
resource extraction or environmental damage exceeded the self-
replenishment and self-repair capacity of the local environment.
The local environment’s stocks or productivity declined.

Local constraints were relieved by trading with others,
substituting another resource or adopting new technologies.
As locally available resources were depleted, more distant, less
accessible, and lower quality resources were exploited. Lower

quality land, deeper mines, undersea oil wells, and more distant
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fish stocks replaced more accessible local resources that were
damaged or depleted.

Now, the scale of the global economy is causing scarcities
of some of the most important environmental inputs.

Fresh water is essential for agriculture and industrial
processes. Economic growth increases the demand for water,
reducing river flows and depleting aquifers. Pollution from
agriculture and industrial processes is reducing the quality of
fresh water too, increasing costs for treating and transporting
water. There are many technologies that can improve water
use efficiency and quality, but the current expectation is that
pressure on water supplies will continue to increase during the
next few decades.

A growing food supply will be required to support the
large increase in the global population that is projected for the
next few decades. Food supply depends on agriculture, and
high agricultural productivity depends on an adequate supply
of irrigated water.

Agriculture also requires high-quality land. During the last
few decades, nearly 1% of productive agricultural land has been

lost or degraded each year by urbanisation, transport networks,
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erosion, salination and desertification. That lost land has been
replaced by new land being brought into production. Total land
in cultivation globally has remained approximately constant, with
food supply increases being driven mainly by increasing yields.
Most of the world’s food comes from cereals, mainly rice,
wheat, and maize. Increases in cereal yields have been achieved
largely by increasing average yields toward the maximum biologically
achievable yield for each cereal type. Maximum yields for cereals are
not increasing much, so there are diminishing returns for cereal yield
growth, and the growth of average cereal yield is expected to slow.
With slowing yield growth, more land may be needed to
sustain and grow food output, but there are no longer large
quantities of high-quality reserve land to bring into production.
Much currently unused land is unsuitable for agricultural
production or is in forests or protected wilderness areas.
Climate change is expected to increase food production
potential in many places, replacing some of the lands on coastal
plains that will be lost to sea-level rise. Overall, however, climate
change is expected to put downward pressure on food supply
during the next few decades, especially in the more densely

populated and less affluent tropical regions.
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Switching consumption from meat and dairy to cereals,
fruit and vegetables is expected to increase the amount of food
that can be produced from the same quantity of land. Industrial
food innovation offers the potential for food production from a
wider range of nutrient inputs.

Energy is essential for modern agriculture, for the
manufacture of fertilisers, for transport of agricultural inputs
to farmers, for operating farms, for shipment of food to distant
markets, and for storage. Energy is required for industrial
processes and for the transport of industrial goods and people.

Increasing recognition of the risks from climate change is
contributing to a shift from fossil fuel burning to much lower
cost and lower emissions forms of electricity generation, notably
wind and solar. Many countries have high population densities
and lack abundant low cost and low emission energy resources
relative to their population sizes. Those countries will find it
difficult and costly to transition away from fossil fuels.

When the world’s economy was small, and technologies
were simple, many of the resources extracted from the
environment were usually replaced by the environment’s own self-

replenishment and self-repair processes. The environment could
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replenish stocks of many resource inputs by having biological
populations grow again and replenish pollution capacity by
allowing pollution to disperse or change into harmless forms.

Now the economy has grown, and we are dispersing
harmful chemicals very widely, so the economy’s draw from the
environment is reducing the environment’s capacity to replenish
itself. Instead of the environment being a mostly benign repairer
of the economy, it now competes with the economy for nutrients
and other resources that are becoming scarce.

The trend in the cost of resources depends on the balance
between the pace of emergence of resource constraints that increase
the cost of extraction and transport versus the pace of improvement
of the extraction, production, and transport technologies.

Some of the real price reductions observed for many
resources during the 19" and 20 centuries have been reversing
recently, signalling that scarcities are emerging and growing.

Apparently, the world’s supply challenge now is to deploy
technologies to increase resource availability, slow resource
depletion and reduce environmental damage fast enough to
supply the inputs needed for the expected growth of the world’s

population and economy.
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Food Production is Damaging Ecosystems

Ecosystems are communities of plants, humans and other
animals, and other micro-organisms which interact with one another
and with their non-living environments. Maintaining biodiversity is
an important condition for ecosystem health, which is, in turn, an
important foundation for human survival and well-being.

Ecosystem services are benefits people obtain from
participating in ecosystems. The value of ecosystem services, largely
provided outside of the measured economy, is large relative to the
value of the measured global economy.

The natural world humans still depend on has evolved over
hundreds of millions of years. Evolution occurs as species adapt
to naturally occurring changes in the environment, with periods
of relative stability allowing for the co-evolution of species.
Co-evolution establishes intricate ecosystems where species
specialise and become more interdependent. Rapid changes can
break the beneficial connections within communities of species,
disrupting ecological stability, threatening biodiversity, and
triggering periods of rapid evolution.

Humans have been influential participants in ecosystem

evolution for a very long time. More than two million years ago,
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meat was introduced to early humans’ diets, and within halfa million
years, most of the Earth’s carnivore species were extinct. That
large-scale extinction appears due to the failure of many carnivore
species to compete effectively with humans. More recently, the
arrival of humans in the Americas at the end of the last ice age was
accompanied by extinction of most large mammal species in both
North and South America.

The impacts of humans are not limited to species extinction.
For example, over-use in Neolithic and ancient times transformed
much of the Mediterranean region from a heavily forested land with
high-quality soils to the dry, rocky, and less productive landscape
that is widespread today.

Peopleare nowhavingamuchbigger effect onglobal ecosystems.
Extinctions get a lot of attention, but declining populations within
species and disruption of ecosystems seem more threatening than
the count of extinctions. Habitats are being lost to urbanisation,
agriculture expansion and climate change. The quality of the
remaining habitats is being degraded by pollution. Most of the large
wild animal biomass on the land and in the oceans has been destroyed
in the last two centuries. Insect and bird populations are declining.

Food producing ecosystems are expanding output to support
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the growing human population, while most other ecosystems are
being damaged.

Ecosystem damage is reducing the size and quality of the
resources that provide important ecosystem services people
depend on. Ecosystem services in decline include fish stocks, wild
foods, productive land quality, water supply and quality, species
diversity including crop varieties, pollinators, and natural buffers
against extreme events.

Ecosystem damage is diverse and may have local, regional, or
global effects. For example, increased precipitation, glacier melt
and deforestation in the Himalayas washes silt loaded with nutrients
down rivers, causing flooding and high nutrient concentrations in
the nearby ocean. High nutrient concentrations near river-mouths
caused by silting and fertiliser run-oft reduce oxygen availability in
the water, resulting in the loss of local marine life and increases in
jellyfish populations.

As biodiversity declines and ecosystem damage proceeds, the
ecosystem services that humans depend on are being threatened.
That would not be a major problem if people could migrate to live
somewhere less damaged or find another way to secure ecosystem

services, as people often did in the past. Today, however, there are
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few habitable places available for affected people to migrate to, and
there are limited viable substitutes for many ecosystem services.
Essentially, the scale of humanity creates a global risk that did not
exist when the population was much smaller.

The vulnerability of human populations is increased by
dependence on advanced technologies that are essential to maintain
the human food supply. Cereal crops depend on continuous plant-
breeding programmes because the hybrid seeds used do not breed
true. The productivity of agriculture depends on machinery and
supplies of energy and fertilisers. There is currently no easy alternative
to maintaining the industrial agriculture systems which provide the
food people need, but the scale and damaging impacts of those
industrial systems degrade the ecosystems people depend on.

Continued rapid expansion of the global economy will
place increased demands on ecosystems that are already in
decline. The scale of interference with natural ecosystems is
already so large it would be unwise to rely on natural processes
to remedy the damage being done.

People now manage many of the world’s ecosystems.
Pollination depends on managing bee diseases. A stable climate

depends on decarbonising the atmosphere. Fisheries depend on
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regulation of catches, managed breeding, and establishment of
protected breeding zones.

Unfortunately, ecosystems are difficult to manage because
they are complex and ecosystem management is embedded in
socio-economic arrangements. Global and some national targets
for large reductions in ecosystem damage have been set, but those

targets are not yet supported by credible and funded action plans.
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Chapter 2:
N—_——

DAMAGING
PROCESSES

Transition to the industrial era.

Appropriately responding to our environmental challenges
requires an understanding of human history that explains
why environment constraints are emerging now and allows
anticipating the possible impacts on humanity’s future. More
specifically, the question is whether the observation of emerging
and apparently threatening environmental constraints signals a
temporary challenge to progress that will be easily overcome or
something much more threatening.

In a conventional view of human history, progress has been
continuous, with a recent acceleration, and has been driven by
a flow of technological improvements. However, that implicitly
continuous and gradualist view does not adequately account
for the pattern of changes in the human population during the

20,000 years since the peak of the last ice age.
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The size of the human population, like the population of
other animals, is limited by the available supply of energy in the
form of food. The amount of food energy produced from a unit of
land has changed markedly during human history. When humans
were hunters and gatherers, food production, and therefore
population density and the population itself, were constrained
by the food energy content of forest, coast, savannah and tundra,
and the technologies used to locate, gather, and process food.

Starting around 10,000 years ago, an important shift in food
technologies began, with agriculture and herding of domesticated
animals developing in several places and then spreading widely.
Cultivation provides much more food energy per unit of land
than the fruits, vegetables, roots, and animals that hunter-
gatherers could harvest. Transitions of agricultural technology
were accompanied by rapid increases in population densities.

The shift to farming greatly increased the productive
capacity of each unit of land. Environment capital depends on
the capacity to extract resources from the physical environment.

Reduced mobility allowed more frequent births and
bigger families. Less mobile populations with higher population

densities, larger communities and more infrastructure had more
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incentive to defend their land. As local populations grew too
large to be supported by local resources, new communities were
established on suitable nearby land. Agricultural technologies
spread and gradually improved. Cities developed, allowing
greater specialisation, and many other new technologies were
discovered, developed, and disseminated.

Despite technological development, the global population
grew slowly during the era of traditional agriculture, which
lasted until the end of the 18™ century. Population growth was
limited by the amount of land suitable for agriculture and the
productivity of the technologies used to farm that land. Less
than 10% of the population lived in cities, and a large majority of
people remained engaged in agriculture.

The start of the 1800s saw a rapid increase in population
and productivity. There were four important drivers of the
changes. First, the improved agricultural technologies increased
population densities, and people migrated to cities for
employment in manufacturing.

Second, the use of coal and then other fossil fuels became
widespread. Increasing pressures on the supply of wood for

fuel, shipping and construction had created shortages which
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stimulated the use of coal as an energy source. Adoption of the
steam engine and then the internal combustion engine meant
each worker could produce a lot more output. The use of fossil
fuels in farming had a dramatic impact, allowing the output of a
single farmer to be multiplied many times, as human and animal
labour was replaced by farm machinery.

Third, importing resources from other parts of the world
and exporting manufactured goods provided benefits from scale
and specialisation, further increasing output, and contributing to
the accumulation of capital. Improved agricultural and transport
technologies allowed farming of less productive and more distant land.

Fourth, scientific and technological innovation, which had
accelerated during the eighteenth century, meant resources could
be combined in diverse ways to produce goods and services not
available previously. Transfer of technologies to less developed
countries spread rapid population growth across the whole world.

Looking at the history of population growth since the
last ice age reveals that the conventional view of continuous
progress is problematic. Progress does look continuous when
we focus on the last 200 years but not if we look back over the

last 15,000 vyears.

+0

THE SOFT-LANDING: RE-VISIONING CIVILISATION’S FUTURE

What is apparent over that longer timeframe is that rather
than generalised and relatively continuous improvements

in a wide range of technologies driving population growth,

breakthroughs in food technology play the dominant role.
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The record shows two long periods of relatively slow
population growth and two periods of faster growth. The rapid
growth periods, ‘transitions’, happened because important food
technology innovations temporarily remove constraints on food

supply. Once the population grows to reach the constraints
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imposed by land availability and quality, and the food technology
used, then the population stabilises, and humanity is in an ‘era’.

That implies the world will soon enter another era when
population stabilises or grows only slowly, constrained again by
land availability and quality, and food production technology.

The ongoing rapid growth of population signals that
the world is still in a transition. Emergence of environmental
symptoms of climate change, resource scarcities, and ecosystem
decline signal that the transition is coming to an end.

That implies the conventional understanding that we are
living in the “industrial age” is a misunderstanding of our present
circumstances. A more informative statement is that we are living

near the end of the transition to the era of industrial agriculture.

Environment constraints return

For much of human history, populations were relatively
stable, limited by constraints on the local availability of
important environmental resources. During the last two
centuries, technological advances have reduced environmental
constraints, unleashing a rapid growth phase.

The Earth is large but finite. While technological advances

+2
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made a rapid increase in economic output possible, important
physical and biological limits remain. The emergence of global
environmental issues during the last few decades signals that the
global economy is now drawing on environmental resources at a
large enough scale to be bumping up against limits imposed by
the total size of the Earth’s environment.

At the beginning of the growth phase, the scale of many
human activities was so small that environmental consequences
were unimportant or quickly repaired. Trees were replaced,
minerals were abundant, animal populations recovered, and
pollution was insignificant relative to the capacity of the
environment to accommodate it.

As output grew, in some places the scale of environment
damage eventually became larger than the environment’s self-
repair capacity, so the local physical environment began to
be harmed. Natural resource stocks declined, and pollution
accumulated.

Early in the transition to the industrial era, the large
potential productivity of the environment, relative to the
economy’s draw from the environment, provided “headroom”,

allowing relatively unconstrained growth even though damage
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to the environment was accumulating. The scale of economic
activity was still small relative to the scale of environmental
resources available and the potential to absorb or disperse
pollution, so growing use of environmental resources had no
important economic consequences.

As growth continued, aggregate headroom reduced and
eventually was fully used, so resource depletion and environment
damage began to have more serious economic effects. At first, the
economic costs were small and much smaller than the economic
benefits from the activities. Economists refer to economic
damage to others caused by environmentally harmful activities
as “externalities”. An example is when uncontrolled agricultural
or industrial pollution reduces a fish stock downstream, harming
the interests of the fishery operators.

Continuing to grow activities that are environmentally
harmful can eventually reduce the productivity of an
environmental resource so much that the harm caused to
those affected by the environmental damage is greater than the
economic benefit from the activity.

If the economic harms from activity were all borne by

the person or business carrying out the activity, the activity
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would stop because the costs to the actor would be greater
than the benefits available. Often, however, the indirect costs
of environmental externalities are delayed, experienced by
other people, and shared widely, so they do not deter the actor
causing the harm. That harmful but persistent situation is called
the “tragedy of the commons” in the economic literature.

The “prisoner’s dilemma” is a special case of the tragedy
of the commons. The prisoner’s dilemma arises if the economic
cost to each business or person carrying out the activity become
larger than the benefit each gains. People conducting the activity
continue because they want the benefit from the activity, and they
will suffer the costs of continued activity by others regardless of
their choice to act or not act.

Over time, as the transition to the industrial era proceeds,
economic growth causes loss of headroom, then externalities,
and then tragedies of the commons and prisoner’s dilemmas.
Continuing or growing activity if there are externalities, a
tragedy of the commons or a prisoner’s dilemma damages the
environment even more.

The damaging activity may stop eventually because rising

input costs deter the person or business from carrying out the
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activity or because new regulations protect the environment.

Following input cost increases or regulation, production
might move to another location where the environment’s
capacity is greater, so output growth can continue. Eventually,
though, if the damaging activity continues, the Earth’s scale
limits the available locations for that type of activity.

Technological innovation may allow a switch to a less
damaging substitute, which allows growth to continue. If the new
technology used for the activity still causes damage, avoidance
of the growth constraint is likely to be temporary, lasting only
until the damage accumulates sufficiently in the new location.
Growth will be sustainable long-term only if the new technology
reduces the environmental damage to a level below the self-
repair capacity of the environment.

The current situation of the Earth is that many important
economic activities are causing environmental harm. The
aggregate scale of environmentally damaging economic activity
is becoming large relative to the capacity of the environment.

The growth and persistence of environmentally damaging
economic activity are causing the scary symptoms which signal

that the world is nearing the end of the growth phase.
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Overshoot grows

The global population is projected to continue to grow, and
societiesare competingand collaborating toincrease consumption
per person. Rapid economic growth is expected during the next
few decades despite growing threats from environmental damage.

Climate change threatens. Many resource costs are increasing,
Ecosystemsare deteriorating,and biodiversity is reducing. Pollution
is accumulating,

If the environmental analysis indicates that the growth phase
should end soon, but the world is committed to a strong economic
growth trajectory, then what will happen during the next few decades?

Rapid global economic growth could continue if the increasing
environmental difficulties do not affect the economy much. The
damaging effects on the environment might be more than offset by
technologies to increase productivity, reduce damage, and restore
the environment.

Improving environmental outcomes is still much less important
than wealth growth as a motivator for technology innovation.
Damage-reducing technologies and policies are not yet being
developed and deployed fast enough to reverse the deterioration of

the environment.
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In thelong run, the economy cannot be larger than what can be
sustainably supported by the capacity of the environment. If current
economic growth trends persist for long enough, with continuing
environmental damage, then eventually, the environment will no
longer be able to support the economy. Growing the economy
further will increase the threat to the economy from environmental
constraints unless effort is redirected to developing and deploying
technologies and policies that increase the productivity of the
environment and reduce damage.

An indication of the sustainable size of the world’s economy
can be developed using ecological footprint analysis. That analysis
estimates, for each country, the amount of land that would be
needed for sustainable production supporting the population with
current consumption per capita with the current technologies. The
land required for each country’s consumption is added up to get
an estimate of the total amount of land that would be required to
sustainably operate the global economy.

Ecological footprint analysis estimates that around 1.7 Earths
would be required to sustainably support humanity with today’s
technologies andliving standards. If current trends continue, around

two Earths would be needed to operate sustainably in 2050.
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The main drivers of overshoot are the accumulation of
carbon dioxide in the atmosphere, largely driven by energy
consumption, and the requirement for cropland to feed people.

The world is already in “overshoot” because the scale of
the economy, driven by population size and consumption per
person, is much larger than what can be sustainably supported
by the environment. On this measure, the world, in aggregate,
has been operating unsustainably since around 1980.

Overshoot is possible because the economy can, in effect,
borrow temporarily from the future by depleting the future
productive capacity of the environment to provide resources
for current output. Continuing to harm the environment to
maintain and grow the economy causes the scary environmental
symptoms of climate change, scarcities, and ecosystem decline.

If that situation continues, then eventually there must
be an adjustment to bring the scale of the economy back into
alignment with the capacity of the environment to support it.
That realignment may take the form of an economic collapse.

Overshoot followed by collapse is not unusual. Temporary
abundance of food allows animal populations to grow beyond

the long-term capacity of their environments to support them,
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and then the populations collapse.

Environmental historians have found overshoot and collapse
frequently happens to human communities and civilisations too.
Populations expand to make full use of the available resources and
then over-exploit their local environments. Over-exploitation
increases vulnerability to environmental shocks. Climate change
often contributes to or triggers the collapse of civilisations.
Examples include the Sumerians, the bronze age civilisations of
the Eastern Mediterranean, Rome, the Mayans, and the Khmers.

The scale and momentum of population growth, scarcity
of accessible and fertile unused land, climate change, and the
whole-of-world scope make overshoot especially dangerous
now. A combination of much more environmentally efficient
technologies, reduced consumption per person, and a lower
population would be needed to bring the economy’s size and
the environment’s capacity back into balance. Operating the
world’s economy beyond the capacity of the environment to
sustain it is further damaging the environment and so reducing
the environment’s potential carrying capacity.

Jared Diamond, in his book Collapse: How Societies Choose

to Fail or Succeed, describes several past collapses and identifies
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factors which contribute to collapse. Two of his conclusions are
that collapses are often associated with environment overshoot
and that the responses of societies can affect the outcome.

In these circumstances, it seems prudent for the world to
have acomprehensive plan to reduce overshoot and avoid collapse.
Long term, it would be prudent to keep the scale of the economy
below the sustainable capacity of the environment to support it
so that there is some headroom to provide resilience to respond
effectively to expected and unexpected shocks.

"The world’s actual plan seems to be to continue to grow the global
population and economy and to respond tactically to environmental
issues as they arise. Priorities and the current trajectory are still away
from rather than towards global aggregate sustainability.

A smooth, managed process that gently brings the
economy’s size and the environment’s capacity into alignment
would deliver a “soft-landing”, avoiding or reducing the harms

that would be caused by economic collapse.

<)
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Chapter 3:
N—

FLAWED
EXPLANATIONS

Planetary and bistorical processes

Managing today’s society to avoid future risks requires an
adequate understanding of the historical processes taking us
from the past, through the present, and into the future. If the
forces driving historical changes are misunderstood, or people
believe they cannot anticipate future trends, then efforts to avoid
future risks are likely to be weak.

The modern world is very different from what is described in
most history writing, so it seems reasonable to suppose that history
cannot teach us much about how to manage the future. Furthermore,
the popular understanding of history as a sequence of events means
that it appears to lack a large-scale structure other than the received
wisdom of continuous progress. That contributes to the reluctance
of many people in modern societies to look to history for insights to

help guide management of the future.

THE SOFT-LANDING: RE-VISIONING CIVILISATION’S FUTURE

Importantly, when history is considered at all, recent history
tends to dominate our collective understanding. The 19 and
20™ centuries did not have widespread environmental constraints,
and most of the history that modern people understand was
written during those centuries. As a result, the role of resource
constraints in driving societal evolution has been largely ignored
in our explanations of the recent and distant past. Only in the last
few decades have environmental historians offered accounts that
feature the environment in explanations of historical phenomena.

Important philosophical arguments have further strengthened
the prevailing view that the future cannot, and should not, be
predicted and managed. In the 1930s, Kurt Godel proved that
mathematical systems are open, which means that they cannot be
completely described by a set of principles, and by implication that
other complex explanatory systems which can be described by
mathematics are also open. The implication is that understanding is
always incomplete, and therefore there are always more possibilities
beyond those already understood.

Karl Popper applied this kind of thinking to social science
in his influential book 7he Poverty of Historicism. He argued

that history results from the choices made by people, which
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cannot be foreseen, and by extension, that the future cannot
be predicted from the past. These theorists’ ideas have helped
to establish widespread beliefs about the futility of trying to
forecast and manage the future.

The rapid technological advances of the 19" and 20%
centuries reinforced popular understanding of unlimited
possibilities. These advances provided innovations that had
much greater impacts than expected, such as the steam engine,
electrification, computers, and the Internet. In the absence of
a widely understood theory of history that provides guidance
about likely future conditions, there is a default belief that the
future will be an extension of the past, with occasional surprises
from unexpected beneficial technologies.

These mindsets reduce our ability to respond to
environmental threats. For example, in 1972, the Club of Rome
group warned that unless humanity changed course to slow
population and industrial growth, there would be serious trouble
within 100 years. Their work was savagely criticised by economic
and policy communities, which misunderstood and rejected the
warning. By 2000 there was a widespread and incorrect belief

that evidence of uninterrupted growth since 1972 had discredited
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what was by then widely misrepresented as a failed near-term
prediction rather than along-term warning. That incorrect belief
added to the narrative that the future cannot be predicted and
that we should not act to manage the environment.

If historical processes were only influenced by human
affairs, then freedom of choice might take us in unpredictable
directions, as argued by Popper. However, as environmental
historians have shown, civilisations often grow to, and then
beyond, the sustainably available environmental resources, and
then a climate or other shock causes decline and collapse.

It is possible to reconcile these theoretical positions
by regarding human activity as a force that can influence the
unfolding of history. Instead of following the pattern of growth,
overshoot and collapse that is common for animal populations
and past civilisations, people have the option to make active
decisions to avoid overshoot.

In this way of thinking, human affairs co-evolve with large
scale natural processes that limit historical possibilities. The
reasoning implies that, in the absence of human intervention
to change the course of history, our future may be threatened

by climate change, resource scarcities, and ecosystem damage.
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That would produce nasty surprises as powerful forces interact
in a perturbed human-natural system to bring consumption back
below the sustainable level.

Most modern people expect that if change does come, it
is likely to come gradually. Experience of the last 70 years of
steady progress and growth combines with a wider bias towards
gradualism to lead us to expect that future changes will be slow
and steady. Darwin thought that evolution was a measured
process taking place over very long periods. Similarly, climate
modellers usually present smooth warming curves.

Examination of the past tells a different story. Historic,
evolutionary and climate records reveal patterns of punctuated
equilibrium with long periods of slow change broken by short
periods with large changes. Contrary to popular belief, it would
be unusual if the forces already unleashed by humanity’s rapid
growth phase do not cause other large-scale changes that will
disrupt the modern growth equilibrium.

Instead of heeding lessons from the work of environmental
historians, climate scientists, and groups like the Club of Rome,
most people continue to prioritise growth, unconcerned

about the increasing risks. Misunderstanding of the patterns
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of historical and planetary change processes contributes to
humanity’s choice to pursue further growth in circumstances
where growth is increasingly dangerous.

The emergence of the Covid-19 pandemic was a surprise
for many. Devastating wildfires, floods or droughts are usually
surprises. Abrupt, large scale climate change or widespread food
shortages would be surprises. These are all surprises because
modern people tend to assume that their future is assured as a
continuation of the relatively stable recent past.

The idea that the future is boundless and too complex to
predict also increases the barriers to taking actions to safeguard

civilisation’s future.

Growth economics
Modern economics plays a large role in influencing how
societies make decisions, especially decisions affecting efficiency
and growth. Countries that grow successfully provide better
living standards for their citizens. They are better able to defend
themselves from others who might wish to take their resources.
In the mainstream economic model, growth results from

using technology to transform capital and labour into output.
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Output is used for current consumption and to increase stocks
of capital and labour. Better technologies and growth of stocks of
capital and labour produce output growth. Human populations
grow, and people consume more.

Asan academic discipline, conventional modern economics
has been hugely successful. Many of today’s leaders are trained
in economics, and it is difficult to become a government
leader without supporting the main prescriptions of modern
economics. The political process establishes rules to encourage
growth and to allocate consumption and wealth to those who
provide labour, capital, innovation, and entreprencurship.

The mainstream economics applied by policymakers,
politicians, and business managers to promote economic growth
is not the specialist environmental and ecological economics
that pays attention to environmental damage and limits.

In most applied growth economics, the important
constraints on growth are the availability of labour and capital
and the rate of technological improvement. The environment is
made into an unconstrained stock of resources and waste sinks by
the usually implicit assumption of “free gifts and free disposals”,

which says that resources can be taken from the environment,
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and wastes can be disposed of into the environment without
limit. Economic actors pay the costs of acquiring the resources
and the costs of disposal, but they need not be concerned about
consequences for environment stocks or for environment
limits. In conventional applied economics, growth can continue
indefinitely because there is nothing to impede it.

The most important tools of modern economics were
developed during the second half of the 19" century and
early 20" century when economies were growing rapidly, and
aggregate environmental constraints had become unimportant.

Beforethen,in “classical” economics, access to environmental
resources limited output and was fundamental to economic
theory. The important constraints on output were the quantity
and quality of Tand and the labour used to produce food.

After the beginning of the growth phase and once land
resources no longer constrained output, environment constraints
were dropped from mainstream economic theory. Capital and
labour became the only aggregate constraints that mattered.

Economists who observed local environmental constraints
extended the conventional theory to accommodate and respond

to them. When costs of commodities increase because of scarcities,
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economists assume that technological innovation will allow other
goods to be used as substitutes. If harmful environmental damage
results from economic activity, then policies such as taxes and
quotas are prescribed to encourage innovations and substitutions
that allow growth to continue uninterrupted.

For as long as the economy remained small relative to
the resource production and waste absorption capacity of
the environment, these principles of conventional modern
economics worked well. There was no need to explain how the
growth phase might end.

Now the global economy is growing beyond the capacity
of the environment to sustain it, so resource constraints and
environmental damage are becoming important again. There
is no practical substitute for the Earth’s environment as an
aggregate, and assuming that resources and waste disposal
capacity are available without limit does not make it so.

Environment damage is likely to be recorded as a net
economic benefit. The cost to repair environmental damage, for
example from storms or biosecurity failures, is usually recorded
as positive economic activity and contributes to job creation

and measured growth. The long-term damage, for example to
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property, infrastructure or to productive ecosystems, is not usually
recorded as a negative economic impact in national accounting.

Despite emerging scarcities and growing environment
damage, the principal focus of economic policies is still on
promoting growth.

An important but not obvious contributor to the
persistence of growth as the priority is that modern economics
aspires to be a science, discovering universal laws that can be
used to improve people’s lives. While the laws of science may
change through discoveries of better laws, scientific laws are
intended to work everywhere and for all times. In mainstream
modern economics, each time-period is assumed to be much like
those before and those following, and the long term is thought
of as the outcome from a series of essentially similar short terms.

Economic cycles may interrupt growth temporarily, but
growth is firmly established as the economic goal and is expected
to resume after interruptions. History is irrelevant, and the
future is a continuous extension of the present. Accordingly,
as environmental resources have not been important economic
constraints in the recent past, it continues to be assumed that

they will remain similarly unimportant in the future.
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A second noteworthy reason that the growth paradigm
continues to predominate is that many economic thinkers and
modern leaders have learned a great deal about economics and
much less about environmental science and history. That allows
many analysts to continue to act as if environment constraints,
and their consequences, are merely small and temporary
inconveniences for others.

The investments of academic economists and world
leaders in understanding how to grow economies is itself an
impediment to change. Economic theory is a difficult subject.
Adding the environment as a factor of production and an
aggregate constraint makes societal management much more
complex. It would require re-learning that may not appeal for
established leaders. It implies economic redirection that might
be unpopular and difficult.

Regardless of the assumptions and beliefs of conventional
modern economists and of the people influenced by them,
the environment is finite, and so it must eventually constrain
economic growth. That constraint is approaching, as signalled
by the emergence of climate change, resource scarcities and

ecosystem decline at a civilisation-threatening scale.
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FEvolving growth constraints

Therelativeimportance oflabour, capital,and environmental
capacity as constraints on economic output has shifted during the
last few centuries. These changes have important implications
for the power of different interests within societies and for the
importance of managing the environment.

During the era of traditional agriculture, fewer than 10%
of the population lived in cities, and most people worked on the
land. Availability of suitable land and skilled labour to grow food
were the most important constraints on output. Agricultural
tools were simple and readily available.

Typically, power was vested in absolute monarchs or an
aristocracy, whose responsibilities to their people and interests
in the future of their dynasties encouraged long term thinking.
Peasants and their descendants were tied to the land, so they
looked after the land they depended on. Change was slow.

When agricultural technologies and fossil fuels lifted
European agricultural productivity, labour became more mobile,
and cities grew rapidly, along with industrial production. During
the growth phase of the transition, the proportion of the population

engaged in agriculture in developed economies decreased to less
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than 10%, and globally the proportion of the population living in
cities has grown beyond 50%. Labour and capital became the most
important constraints on the growth of output.

Industrialisation and specialisation created many jobs.
Labour was an important constraint on output, so many workers
were organised, bargained, and sometimes revolted to improve
their living and working conditions.

Growing incomes and consumption made life better for
almost all people, and growth contributed to returns to capital.
The aggregate global environment could be safely ignored
because there was still a lot of headroom.

Then, during the last few decades of the 20" century, two
very large and continuing trends emerged.

The first trend was that factory automation, and then
computerisation of office and sales work, added to the long-
running mechanisation trend and reduced, relatively, the amount
of labour required to produce, sell, and distribute goods and
services. Continued automation of work, artificial intelligence,
and robotics is likely to continue the established trend of
reducing relative power of workers.

Service and then knowledge jobs grew to replace the jobs
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lost to mechanisation and automation, work became even more
specialised, and skill requirements increased. The number and
power of talented and skilled people increased, their incomes
grew, and they accumulated savings, which became wealth, and
were reinvested as capital.

The second very large trend is that environment damage
is eroding natural capital, which provides many of the inputs to
production.

The consequence is that opportunities to exploit readily
accessible or low-cost environmental resources for economic
activity are less available, creating a drag on economic potential.

Technological innovation and economies of scale reduce
the effects of these constraints. Looked at from a global
perspective though, the environment has changed from being
an apparently unlimited resource to become, once again, an
important constraint on production.

From the perspective of several centuries, the most
important economic constraints have shifted. During the
traditional agricultural era, the important constraints were land
and labour. During the transition to the industrial agriculture

era, the constraints became capital and labour, because food
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technology innovation and colonisation released the environment
constraint. As the transition ends, the most important constraints
are shifting again to become capital and environment.

Those shifts of constraints are reflected in the evolving
power relationships within and between human societies. The
power of interests owning capital has increased because there
is more capital, capital remains an important constraint on
production, and more voters have capital.

The power of labour has reduced because automation
and talent have substituted for workers. Political parties which
traditionally got their power from labour have sustained their
appeal by diffusing their promises to include satisfying the
interests of capital and offering environmental protection.

The 19 century contest between capital and labour has
been replaced by political contests between parties or leaders
that compete by offering better management of the economy
to promote the economic growth that supports the interests of
both capital owners and workers.

Re-emergence of the environment as a constraint reduces
opportunities to grow economies by finding new ways and places

to exploit natural capital. That creates further downward pressure
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on the demand for low-skilled labour, and it reduces opportunities
for profitable capital investment, creating downward pressure on
returns on capital invested. Downward pressure on demand for
labour and capital increases the shared incentive for some workers
and many capital interests to resist environment protections.

Increasing environment constraints, together with the
shared incentives of some workers and capital managers to
develop the remaining resource-exploiting opportunities, imply
the need for stronger power to protect the environment. That
power is emerging, but it is not yet strong.

The weakening power of labour interests, the increasing
power of capital interests, and growing environmental risks
have important implications for the kinds of thinking required
to ensure societal success. The ideas that emerged to manage
the labour and capital constraints of the 19™ and 20" centuries
should not be automatically assumed to work well to deliver a

soft-landing at the end of the transition.

<)
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Growth
Sforever?

Soft
landing?

Overshoot
and collapse?

PART 2:

CHANGING IDEAS
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Chapter 4:
N—_——

NEW
THINKING

Different goals

Human activity expanded rapidly during the 19" and 20"
centuries, so the world’s economy is now consuming at a level
that would require much more than one Earth to sustain. The
economy has grown from a size where it was consuming the yield
on the Earth’s natural capital to a size where it is now consuming
the natural capital itself. Some current and recent environmentally
damaging activity does not yet affect ecosystem services and the
economy because of lags, sometimes of decades or longer, between
damaging activities and their environmental and economic effects.

Despite increasing risks, the damaging activities continue to
grow, partly because most people, including the most powerful,
are benefiting in the short term from increasing consumption
and wealth, and the overshoot is not yet causing visible aggregate

economic decline. Faith in future technologies and future
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responses contributes to the motivation to continue to maximise
growth and the willingness to increase the size of the overshoot.
There is not just a short-term trade-oft between today’s
economic and environmental objectives, as is sometimes presented.
The more fundamental management challenge is that maximising
tomorrow’s economic output may reduce the output that will be
achievable during the remainder of the 21% century and beyond.
Continuing to maximise economic output growth, with the
world’s population expected to grow by about two billion in the
next three decades might prove safe if the world could deploy
technologies that deliver a huge increase in the productivity
of the environment. That would require a concerted effort to
use environmental resources much more efficiently. Hoping
unrealistically for that outcome would advance the world rapidly
towards a choke point where the environment will no longer support
growth of the economy. Once growth stops, the world’s output will
be much higher than what the environment can sustainably support
and output is likely to begin to decline, initiating the collapse phase.
A collapse which the world is not well prepared for would
have widespread effects, likely including disruption of supply

chains and social order, widespread famines, more failing and failed
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states, infrastructure deterioration, uncontrolled diseases, conflict,
migration of climate refugees and a decline of the global population.

Some might argue that would be a good thing, given
overpopulation and its environmental consequences, but even
if people were willing to accept the personal risks, hardship and
loss of life, the widespread desperation likely during collapse
would lead to over-exploitation and the degradation of much of

the world’s remaining environment capital.

Overshoot

SUSTAINABLE
RESOURCE
FLOW FROM

GROWTH ENVIRONMENT

Headroom

COLLAPSE

1800 2000

Overshoot and collapse happened to many civilisations
during the traditional agricultural era. Collapses left their

signatures in archaecological, paleontological, and literary
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records, in ideas about apocalypse, and in traditions that
encouraged behaviours to protect environmental resources.

Before the modern growth phase, many people were multi-
skilled, and communities were well equipped to recover from collapse.

Most of the world’s people today are not well prepared for
collapse of our modern integrated civilisation. Specialisation
of labour means most people do not know how to produce
food, build shelters, make clothing, raise animals, or make carts.
Resources that people need to survive and thrive are mostly
located at a distance. The world relies on production and trade,
and both would reduce a lot if there was a collapse.

Loss of technological capability might make it difficule
to recover a technologically advanced civilisation. The easily
available coal and oil resources that fuelled the development of
modern civilisation are largely exhausted. Previously accessible
mineral resources are now spread widely in diverse and difficult
to manage forms. Large and connected concentrations of the
population would be required to re-establish the specialisation
and trade that would be needed to rebuild an advanced economy.

The market cannot be allowed to take care of the growing

overshoot risk for the simple reason that future people and the
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future of nature are not represented in today’s markets. Nor do
future people, or young people, have much of a say in today’s
debates about public policy. Overshoot is a global-scale market
failure, so large and so unexpected that it is difficult to recognise.

The alternative to continuing to maximise growth,
increasing overshoot, and heading towards collapse is to
establish a new goal for humanity. That new goal should be to
complete a managed shift to consumption outcomes that can be

sustainably supported by the environment.

Overshoot

Headroom

SOFT-LANDING

Headroom

COLLAPSE

1800 2000

A shift onto a soft-landing trajectory would target a

managed, minimally disruptive, and relatively smooth process
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to reduce the damage caused by economic activity to a level that
can be supported by the environment’s capacity.

There should be no expectation that a steady state
would follow success in achieving a soft-landing. Population,
technology, the economy, and the environment will continue to
co-evolve. There will be an ongoing societal management task
to keep the size of the world’s economy from overshooting the
long-term capacity of Earth’s environment to support it.

The shift of trajectory will have to be managed to achieve the
soft-landing with minimal disruption and harm. It will be a big shift,
though, because the world is already in overshoot, the overshoot
is still increasing rapidly, and the risk is not yet widely understood.

Management of collapse risk should become a core issue
for public policy, with the growth of aggregate consumption
being dropped as a societal goal. Instead of pursuing growth,
societies should target increasing or protecting the current and
future well-being of their people and of nature. Technological
and other innovation policies should target increasing well-
being and the productivity of the environment and de-emphasise
growing consumption and financial wealth.

The quality of economic output will become much more
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important, with output that causes environmental damage being
reduced. Output that reduces damage, restores the environment,
or improves well-being might safely be increased.

Targeting a soft-landing rather than a growth-forever goal
is not the radical proposal it might seem at first. It is simply a
proposal to bring the size of the Earth’s economy into alignment
with the capacity of the environment to support it.

Achieving a soft-landing and supporting changes in societal
goals will require a widespread shift in thinking by enough of the
world’s people to change the world’s goals, and then effort to
mobilise people to make the changes in activity that will deliver
a Soft-landing in the least painful way.

Identifyingand communicating the change in goals is unlikely
to be effective enough by itself. The growth goal is embedded in a

wider framework of thinking that must be changed too.

A new paradigm

A paradigm is a framework that structures thinking. It provides
foundations for understanding an area of knowledge.

Paradigms are like lenses that influence what people

perceive, and they may define what people judge to be important,
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correct, or desirable. They are not usually subjected to systematic
examination and testing by the people who use them. Instead,
they are usually taken for granted. Paradigms affect how people
make sense of the world and the beliefs and values they use to
make decisions, so the paradigms people use are very influential
in shaping the future.

When developed, paradigms are adaptations to specific
circumstances, so they may become obsolete if conditions or
knowledge change. They may not be useful in all situations. To
illustrate, Newton’s paradigm for physics is adequate for building
a house but not adequate for interstellar navigation.

The dominant paradigm used to manage modern
economies was developed during the 19" and 20" centuries
when the global economy was small relative to the size of the
Earth. Important features of that paradigm include ideas that
maximising economic output will maximise well-being and
that aggregate environmental constraints can be safely ignored.
While those beliefs offered reasonably good correspondence
with reality during the 19 and early 20" centuries, they are
becoming less valid, and continuing to use those assumptions is

exposing civilisation to increasing risk.
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Paradigms can coexist. Today, two important paradigms are
conflicting with one another. The mainstream economic growth
maximisation paradigm remains dominant. It prioritises the
economy. Its assumptions imply that economic growth will benefit
everyone, that environmental constraints do not create a material
risk of overshoot and civilisation collapse, and that technological
innovations and policy responses can and will fix problems that
might arise.

The competing paradigm, which can be called the ecological
paradigm here, looks at the economy as embedded within a
constrained environment. The ecological paradigm provides
a lens that helps us recognise that economic growth is causing
environment overshoot.

Proponents of the two paradigms often talk past one another.
While they may think they disagree on issues of fact or policy, their
fundamentally different conceptions of the economy-environment
system limit their ability to understand each other’s point of view.
Environmentalists who promote the ecological paradigm view
the economy as operating within the environment, whereas the
economists developing strategies for continuation of growth

consider th