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FOREWORD

Dear Reader!

N

early four years ago
when the Global
Challenges Foundation
was established, we
decided on a direction
with two parallel strategies. The first
is increasing the knowledge about
Global Catastrophic Risks (GCRs),
which with our terminology means
threats that can eliminate at least 10%
of the global population. This knowledge is an important prerequisite for
the Foundation’s second strategy: to
encourage debates and proposals as
to how we can effectively and fairly
reduce – and preferably eliminate –
these catastrophic risks.
This publication, the Foundation’s
Annual Report for 2016, is the result of a collaboration between the
Foundation and the Future of Humanity Institute (FHI) and the Global
Priorities Project at Oxford University
in the U.K., which has now lasted for
over two years. A big group of researchers at the FHI, commissioned
by the Foundation, summarized
where research, focused on charting
some of the greatest global risks, currently stands.
In addition to describing the risks,
their effects and their likelihood of
occurring, this year’s Annual Report
takes one step further and try’s to
show how different risks relate to one
another, what can be done to combat
the risks and who can and should do
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tion from other important risks. And
above all, the defense against various
forms of political violence requires
a grotesquely large share of public
resources. Each day, the world spends
over SEK 40 billion on defence
expenditure – money that would be
needed to fight poverty and prevent
catastrophic risks.
My personal opinion is that in order
to drastically minimize GCRs we
must develop a model where a majority of the world’s nations, with strong
support from leading nations, can
make binding decisions which can
be enforced in an effective and fair
way. This would imply that individual nations waive their sovereignty
this. In addition to the risks involved
in the Annual Report for 2016, the
Foundation actively works with environmental degradation, weapons of
mass destruction, population growth
(that exacerbates several risks), and
political violence which is behind
many of the world’s current problems.
Political violence comes in many
forms. Various kinds of weapons of
mass destruction represent potentially devastating weaponry. Further,
political violence creates uncontrolled migration and we receive
repeated reminders that there is
also “digital violence” in the form of
cyber-attacks. Together, this takes up
a significant amount of space on the
political agenda, thus stealing atten-

in favor of one or more organizations
that have a mandate to decide on how
to mitigate GCRs.
Would this be possible? My counter question is whether there are any
alternatives? To continue relying on
multilateral negotiations increases
the probability that decisions and
actions are insufficient and executed
too late. This means that the likelihood of GCRs continues to escalate.
I hope that this publication can
deepen the understanding of GCRs
and that these insights provide a
fertile ground for both debates and
proposals on how we can develop a
better way of managing and addressing these risks.

Stockholm, April 2016

Laszlo Szombatfalvy
Founder of Global Challenges Foundation
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INTRODUCTION

Global catastrophic risks
pose a pressing challenge

T

his report addresses one
of the most important
issues of our age – global catastrophic risk.
Over the last decades,
behavioural psychology has taught
us that, as a species, we are bad at
assessing scope. Issues that affect ten
people do not intuitively seem ten
times more important than those that
affect one person. Global catastrophic
risks are one area where our scope
insensitivity might prove the most
dangerous.
These risks can’t just be treated as
problem for the future, even though
we might well expect them not to materialise this year or the next. At the
Future of Life Institute, my team and
I have been calling for global leaders
to address critical global risk issues
including nuclear weapons, biotechnology and artificial intelligence. This
builds on existing risk reduction work
led by institutions such as the United
Nations.
Over the last centuries, humanity
has achieved incredible things. New
medical technologies save millions of
lives every year. Agricultural science
allows billions to be fed who might
otherwise not exist. And we have
begun to explore the very foundations
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caught out by consequences that follow from the technology more rapidly
than climate change has.
As a global community, we need
to win the race between the growing
power of our technology and the
wisdom with which we manage it.
This requires a nuanced approach
towards technological developments,
acknowledging both that technology carries huge potential to make
lives better and also that it carries

of our universe itself – the beauty
of which has inspired my own deep
curiosity in cosmology.
This technological power is an
enormous force for good, but carries
its own risks. Although consuming
fossil fuels was critical in creating the
thriving and wonderful civilization
we live in today, we’ve come to learn
that there are potentially catastrophic long-term consequences from
climate change. Other technologies,
more powerful than combustion engines, might also offer huge benefits
and carry unforeseen risks. If we fail
to manage this risk well, we might be

some risks. Smart risk management
means being realistic in weighing
these factors against each other. This
report offers an excellent background
to the underlying issues of global
catastrophic risks, and is an outstanding starting point for policy-makers
developing an interest in the area or
researchers considering how their
own work might be brought into the
study of global catastrophic risks.

Max Tegmark
Co-founder of the Future of Life Institute
Professor of Physics at MIT
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EXECUTIVE SUMMARY

Executive Summary

M

ost generations
never experience a
global catastrophe.
However, the idea of
such catastrophes
is not fanciful: plagues have killed
over 10% of world’s population and
we came close to nuclear war several
times in the 20th century.
Despite their scale, the risks of
global catastrophes receive limited
attention. One reason is that many
of these risks are unlikely in any
given decade. But even when the
probability is low, the sheer magnitude of an adverse outcome warrants
taking these risks seriously. A global
catastrophic risk not only threatens
everyone alive today, but also future
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generations. Reducing these risks is
therefore both a global and an intergenerational public good.
The ever-evolving landscape of
technology and society compounds
these challenges. Technological
and economic forces can create new
global catastrophic risks, such as
anthropogenic climate change and
the 20th century’s nuclear arms race.
But technology can also reduce risk,
for example through better vaccines
or clean energy.
We believe the global community
should work together to harness new
tools to address global catastrophic
risks. It is possible that, collectively,
we significantly under-invest in global catastrophic risk reduction.
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What are the biggest threats?

T

he global catastrophic risks in
this report can be divided into
two categories. Some are ongoing and could potentially occur in
any given year. Others are emerging
and may be very unlikely today but
will become significantly more likely
in the coming decades. The most
significant ongoing risks are natural
pandemics and nuclear war, whereas
the most significant emerging risks
are catastrophic climate change and
risks stemming from emerging technologies. Even where risks remain in
the future, there are things we can do
today to address them.
The Spanish influenza pandemic
of 1918 may have killed as much as
5% of the world population. Some
outbreaks since then infected over a
third of the world’s population (e.g.,
pandemic influenza), whereas others
killed over half of people infected
(e.g., Ebola or SARS). If a disease
were to emerge that was as transmissible as the flu and as lethal as Ebola,
the results could be catastrophic.
Fortunately, this rarely transpires,
but it is possible that it could, for example with the H5N1 influenza virus.
The invention of nuclear weapons ushered in a new era of risks
created by human action. A large
nuclear war between major powers
would likely kill tens or hundreds of
millions in the initial conflict, and
perhaps many more if a nuclear winter were to follow. During the Cuban
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FIGURE 1. OUR ASSESSMENT OF GLOBAL CATASTROPHIC RISKS

is expected or if positive environmental feedback loops occur.
Catastrophic risks from emerging
technology are less well understood.
Emerging technologies promise significant benefits, but a handful could
also create unprecedented risks to
civilisation and the biosphere alike.
Biotechnology could enable the
creation of pathogens far more damaging than those found in nature,
while in the longer run, artificial
intelligence could cause massive
disruption.
The relative likelihood and urgency of the different risks matters
when deciding how to respond. Even
though the level of uncertainty is
extreme, rational action requires
explicit assessments of how much
attention the different risks deserve,
and how likely they are. The views of
the authors on these vexed questions, based on our reading of the
scientific evidence, are summarised
in the following table. More information can be found in Chapter 2.

Natural pandemic

Unknown risks
Higher likelihood
over next 5 years

Missile Crisis, President Kennedy
estimated the chance of nuclear
conflict as “between one in three and
even”. Tensions have eased somewhat since the Cold War, but could
recur. Moreover, accidents or miscalculation with nuclear weapons
continue to pose a risk.
Climate change is a well-known anthropogenic risk. Even if we succeed
in limiting emissions, scientists expect significant climate change to occur. This could bring a host of global
challenges including environmental
degradation, migration, and the
possibility of resource conflict. But
this is not the worst-case scenario.
Although it receives far less attention, scientists also acknowledge the
possibility of catastrophic climate
change. There is a small likelihood
that warming could even exceed 6 °C,
leaving large swathes of the planet
dramatically less habitable. This
could occur if emissions are not cut
sufficiently, if the sensitivity of the
climate system is different from what

Engineered pandemic

Asteroid impact

Lower likelihood
over next 5 years

Supervolcanic
eruption
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Catastrophic
climate change
Catastrophic
disruption from AI

Failure of geo-engineering

Low
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Nuclear war

High

APPROPRIATE LEVEL
OF ATTENTION
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Humanity can respond to these risks

F

or each of the risks in this
report, we consider actions
available to avoid or mitigate
the risk, and which actors are bestplaced or responsible for taking that
action. For the most significant risks,
some of the most promising opportunities are listed here.
To reduce the risk of global catastrophe caused by pandemic:
• The World Health Organisation,
nation states, and other bodies
should increase their planning for
extremely bad pandemics.
• The global health community
should improve developing world
capacity for response, for example
by ensuring that vaccine production facilities are well-distributed
around the world.
To reduce the risk of global catastrophe caused by climate
change:
• Research communities should increase their focus on understanding the pathways to and likelihood
of catastrophic climate change,
and possible ways to respond.
• Nations should continue to implement and improve mechanisms
for emissions abatement such as
carbon taxes or tradable emissions
quotas, as for non-catastrophic
climate change.
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To reduce the risk of global catastrophe caused by nuclear war:
• The international community
should continue the policy of
nuclear non-proliferation, and nuclear states can continue to reduce
stockpiles.
• Nuclear-weapon states should continue to work to reduce the chance
of accidental launch or escalation.
To reduce the risk of global catastrophe caused by emerging
technologies:
• Research communities should
further investigate the possible
risks from emerging capabilities in
biotechnology and artificial intelligence, and possible solutions.
• Policymakers could work with
researchers to understand the
issues that may arise with these
new technologies, and start to lay
groundwork for planned adaptive
risk regulation.
To reduce global catastrophic risk
in a cross-cutting way:
• Research communities should focus greater attention on strategies
and technologies for resilience to
and recovery from global catastrophe, for example by developing
alternate food sources.
• Nations should work to incorporate the interests of future generations into their decision-making
frameworks.
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Chapter 1

An Introduction to
Global Catastrophic Risks

O

ver the course of history, times been uncomfortably high.
the world has suffered
Throughout the Cold War, the
disasters of such magnithreat of nuclear warfare loomed
tude that human civillarge. The United States and the Soisation itself has been
viet Union possessed tens of thouthreatened. Warfare and pandemsands of high yield nuclear warheads,
ics have caused especially significant
and their retaliatory strike systems
damage. Originating in 541-542, the
were programmed to respond to any
initial outbreak of the ‘Great Plague of attack within minutes. The world has
Justinian’ killed 25-33 million people
come close to the nightmare scenar– between 13% and 17% of the world
io on a number of occasions. Perhaps
population at the time.1 The plague
the narrowest escape came on 27th
had trans-generational consequencOctober 1962. Two Russian B-59 subes: many historians believe that it
marine commanders off the coast
weakened the Byzantine Empire at
of Cuba gave the order to launch a
a crucial time, undermining its atnuclear strike against the United
tempts to reconquer Europe.2
States, on the mistaken assumpIn recent times, humanity
tion that war had already starthas not endured catastrophed. The launch of a nuclear
ic events on the proportorpedo required the conAs
tionate scale of Plague of
sent of all three officers
many
Justinian. However, the
on board; the second
as
risk of global catastroin command, Vasili
phe, which is deterArkhipov, was alone
mined by the poin refusing permistential damage of
sion.3
of the world’s population was
the event and
While the nukilled in the initial outbreak of the
its probabiliclear
threat
‘Great Plague of Justinian’. That equals
ty of occurhas
receded
25-33 million people
ring, has at
since the

17%

20

The most deadly
event of the 20th century
was probably the Spanish
influenza pandemic of
1918-1920 which killed
between 2.5% and 5% of
the world population… Our
focus here is on even more
extreme possibilities which
receive less attention.
end of the Cold War, the risk remains.
In addition, ongoing economic and
technological developments bring,
alongside their benefits, a range of
new unprecedented anthropogenic risks: for example, catastrophic
climate change, pandemics of global proportions, and the potential for
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machine intelligence which could behave in a manner incompatible with
human values.
However, our governments and institutions, whose primary focus is
understandably on more day-to-day
concerns, may systematically be neglecting global catastrophic risks.
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1.1. Defining Global
Catastrophic Risk
None of the various humanitarian
disasters of the 20th century killed
more than 10% of the world population. Around 1% of the world population died in the First World War,
while up to 3% died in the Second
World War.5 The most deadly event
of the 20th century was probably the
Spanish influenza pandemic of 19181920 which killed 50 - 100 million
people – between 2.5% and 5% of the
world population.6 Although these
were huge tragedies, our focus here
is on even more extreme possibilities
which receive less attention. In Chapter 2 we give an overview of the major risks of global catastrophe, and in
Chapter 3 we look at the factors which
may increase or decrease these risks.
Limited historical evidence makes
it very difficult to provide a definitive
list of past global catastrophes. There
have been at least two in the past two
millennia – the Plague of Justinian
and the Black Death. Some scholars
have argued that more than 10% of
the world population lost their lives
in pre-industrial wars, though this is
heavily disputed.7

Global

Global warming
by 0.001 C°

Depletion of the
ozone layer

Nuclear war

Local

SCOPE

Minute increase
in regional air pollution

Recession in one
country

National
genocide

Personal

G

lobal catastrophes are events
or processes that would inflict
serious damage to humanity
on a global scale, such as all-out nuclear war or a pandemic killing hundreds of millions. The severity of a
risk is a function of its scope (the size
of the population at risk), intensity
(how badly this population would be
affected), and probability (how likely
the disaster is to occur).4
A fatal car crash is a personal catastrophe: a small number of unfortunate victims suffer a severe harm.
Most genocides are examples of local
catastrophes: thousands or millions
of people within a country or region
lose their lives. The focus of this report is catastrophic risks with global
scope. We define a global catastrophe
as a possible event or process that,
were it to occur, would end the lives
of approximately 10% or more of the
global population, or do comparable
damage. Extinction risks are a subset of global catastrophic risks, which
would end the human race.
It is important to put the scale of
global catastrophic risks in context.

FIGURE 1.1. QUALITATIVE RISK CATEGORIES 8

Loss of one hair

Loss of one arm

Fatal car crash

Imperceptible

Damaging

Catastrophic
SEVERITY
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The UK’s Stern Review
on the Economics of
Climate Change suggested
a 0.1% chance of human
extinction each year.
If this estimate is
correct, a typical person
is more than five times
as likely to die in an
extinction event as
in a car crash.

1.2. Why Global
Catastrophic Risks matter

A

lthough the chance of dying in a car crash is small, we
each take steps to mitigate
the risk such as wearing seat belts and
driving safely. National governments
take steps to mitigate the risk of rare
natural disasters, such as earthquakes
and hurricanes. Similarly, it is important that the global community works to reduce the risk of catastrophic events which would have a
global scope.
It is easy to be misled by the apparently low probabilities of catastrophic events. The UK’s Stern Review on
the Economics of Climate Change
suggested a 0.1% chance of human
extinction each year, similar to some
rough estimates of accidental nuclear warfare.8 At first glance, this may
seem like an acceptable level of risk.10
Moreover, small annual probabilities compound significantly over
the long term. The annual chance of
dying in a car accident in the United States is 1 in 9,395. However, this
translates into an uncomfortably
high lifetime risk of 1 in 120.11 Using
the annual 0.1% figure from the Stern
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Review would imply a 9.5% chance
of human extinction within the next
hundred years.12
Reducing these risks has obvious
humanitarian benefits for those alive
today. But we should also consider
the welfare of future generations. A
global catastrophe could reduce the
standards of living for many generations to come, while outright human
extinction denies existence to all future generations. Many leading moral philosophers have argued that the
welfare of these future generations is
of utmost importance.13
Global catastrophic risks are also
likely to be politically neglected.14
Global catastrophic risk reduction is
a global public good, as even a large
country would only capture a small
portion of the total benefit of risk mitigation. Moreover, it is an intergenerational public good, as many of the
beneficiaries are future people who
have no voice in the political process.
For these reasons and others, national and international actors are likely
to underinvest in risk reduction.
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1.3. Why Global Catastrophic
Risks are especially relevant today

N

ow more than ever before,
global catastrophic risks deserve attention. Prior to the
20th century, the main global catastrophic risks that humankind faced
were natural pandemics and conventional warfare. However, economic
and technological development have
brought a range of new anthropogenic risks.
The first of these new risks was nuclear weapons, which gave states unprecedented destructive power and
emerged very rapidly: the bombings
of Hiroshima and Nagasaki came only
six years after Einstein’s letter to Roosevelt warning of the dangers of nuclear fission.15 Other anthropogenic
risks might also mature quickly giving us little time to prepare. Advances
in certain kinds of biotechnology, for
example, might at some point in the
next few decades give states, or even
terrorist groups, the capacity to create devastating designer pathogens.16
Likewise, experts warn of the longer-term risks associated with powerful machine intelligence, which may
prove hard to control safely.17
Indeed, experience over the last
century suggests that many of the
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most important future risks may be at
present unknown. Just as in the early
20th century it would have been impossible to predict nuclear weapons,
catastrophic climate change, or biotechnology risks, it may be that many
of the future leading global catastrophic risks are not yet within sight.
Moreover, to reduce these new anthropogenic risks we may need levels of international coordination that
existing institutions are not designed
to produce, something we discuss in
Chapter 4. A good illustration of this
is the threat of catastrophic climate
change. Atmospheric concentrations
of greenhouses gases are now at their
highest level for hundreds of thousands of years,18 and if the international community fails to take strong
action soon there is a worryingly high
chance of warming in excess of 6°C
(compared to pre-industrial levels)
by the end of the century.19 But because unilateral action is costly for
any state, and the benefits are felt by
everyone regardless of their contribution, action on greenhouse gas emissions has been slow in coming.

1.4. What can be done?

W

hen dealing with global
catastrophic risks we cannot generally rely on historical experience or trial and error.
Given the severity of global catastrophes, learning from experience would
be extremely costly or, in the event
of human extinction, impossible. But

policy-makers, industries, research
communities, and citizens can take
preemptive steps to limit global catastrophic risks. This report outlines
the key features of the world’s most
significant global catastrophic risks
and identifies, in Chapter 5, some
strategies for limiting them.

1.5. How to read this report

C

hapter 2 gives a comprehensive overview over the main
global catastrophic risks, from
catastrophic climate change and nuclear war to risks associated with
emerging technologies such as biotechnology, artificial intelligence and
geo-engineering. We discuss the potential impact and the likelihood of
each risk, as well as the main actions
to limit them. Finally, we attempt to
compare the risks in terms of how
likely they are and in terms of how
much attention we ought to pay them
at present.
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Chapter 3 discusses the causes of
global catastrophic risks. These include both factors that increase the
likelihood or impact of individual risks, as well as factors that affect
multiple risks, such as poor governance.
Chapter 4 discusses why we currently collectively underinvest in
global catastrophic risk. It also discusses what actors are best placed to
overcome this neglect.
Finally, in Chapter 5 we briefly discuss a number of concrete steps to reduce global catastrophic risk.20
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Splitting the atom
brought the promise of
clean power, but also
led to the nuclear bomb,
which has brought
humanity to the brink of
catastrophe on more than
one occasion.

Chapter 2

What are the Most
Important Global
Catastrophic Risks?

F

or most of human history, humanity has had to
contend with a relatively
narrow range of global catastrophic risks. Super-volcanic eruptions and large asteroid impacts were possible but very unlikely,
so only natural pandemics and extreme conventional warfare seriously
threatened the complete destruction
or permanent stagnation of human
civilisation.
Today, thanks to economic and
technological progress, global living
standards have never been higher,
but unfortunately, for the same reason, we face a number of new anthropogenic global catastrophic risks.
Some of these appear to be at least as
threatening to human civilisation as
natural pandemics and conventional warfare. Splitting the atom brought
the promise of clean power, but also
led to the nuclear bomb, which has
brought humanity to the brink of catastrophe on more than one occa-
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sion. The burning of fossil fuels has
brought huge improvements in human welfare, but unless strong action
is taken soon, there is an unacceptable chance that our children and
grandchildren will face catastrophic
global warming. Rapid developments
in biotechnology could enable scientists to develop new therapies to reduce the global burden of disease and
feed a growing population, but might
also in the future give malicious
groups the capacity to synthesise devastating pathogens.
This chapter surveys currently the
most important global catastrophic
risks by examining expert scientific
opinion on the two determinants of
risk: potential impact and likelihood.
There is also a brief discussion of actions available to limit each of these
risks, which is summarised in Chapter 5. In the final section, we give a
comparative assessment of the different catastrophic risks.
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2.1. Catastrophic
climate change

A

s a result of human activity since the Industrial Revolution, atmospheric concentrations of Greenhouse Gases
(GHGs) are now at their highest level
for hundreds of thousands of years,21
which has caused global surface and
ocean warming. Continued increases in GHG emissions are very likely
to cause future warming. The eventual level of warming depends on total
GHG emissions and on the sensitivity of the climate to GHG emissions.
The reports of the Intergovernmental
Panel on Climate Change (IPCC) focus
on the most likely levels of warming
given a particular emissions pathway. It is widely agreed that the negative consequences of the most likely
levels of warming will be substantial.
However, it is important to take account the ‘tail risk’ of lower probability, but potentially catastrophic, levels
of warming. Of course, what we refer
to in this section as ‘non-catastrophic climate change’ would still have severe consequences, but it would not
constitute a global catastrophe, on
our definition.
POTENTIAL IMPACT
OF THE CATASTROPHE
Increasing GHG emissions could potentially trigger catastrophic climate
change due to high climate sensitivi-
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ty or strong positive feedback loops in
the carbon cycle. For example, global
warming might cause the melting of
arctic permafrost, which would release substantial amounts of methane – a potent GHG – into the atmosphere.22 This process could itself
trigger other positive feedback loops.
Catastrophic warming could also occur even without these feedback effects, if climate sensitivity turns out
to be higher than median estimates.
Alternatively, it might occur simply
because we are less able to coordinate
internationally to reduce emissions
than we expect.
It is impossible to say with confidence exactly what level of warming
would bring about global catastrophe,
in the sense we are interested in here.
The IPCC states:
“Global climate change risks are
high to very high with global mean
temperature increase of 4°C or more
above preindustrial levels in all reasons for concern, and include severe
and widespread impacts on unique
and threatened systems, substantial species extinction, large risks to
global and regional food security, and
the combination of high temperature
and humidity compromising normal
human activities, including growing
food or working outdoors in some areas for parts of the year. The precise
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Governments need to
take into account lower
probability but extreme
levels of warming. Indeed,
these may constitute
the majority of the
probability-weighted
costs of climate change.

levels of climate change sufficient to
trigger tipping points (thresholds for
abrupt and irreversible change) remain uncertain, but the risk associated with crossing multiple tipping
points in the earth system or in interlinked human and natural systems
increases with rising temperature.”23
The latest IPCC report focuses on
the impacts of warming of 1°C to 4°C
above pre-industrial levels, and suggests that the impacts corresponding
to more extreme levels of warming
are relatively unstudied.24 However,
it is likely that damages increase significantly at higher temperatures,25
and possible that warming of 6°C or
more above pre-industrial levels may
be catastrophic. Warming of this magnitude is, for example, likely to render most of the tropics substantially
less habitable than at present.26

most likely to follow a medium-high
emissions scenario, and there is some
chance we will follow a high emissions scenario.27 However, the situation may have changed as a result
of the December 2015 Paris Agreement.28
In estimating the impact of different emissions scenarios, the IPCC
does not set out the probability of all
possible levels of warming, but instead only sets out the likely range of
warming, where ‘likely’ is defined as
having a greater than 66% chance of
occurring.29 However, in order to prioritise resources effectively governments need to take into account the
whole probability distribution, including lower probability but extreme
levels of warming. Indeed, these may
constitute the majority of the expected (probability-weighted) costs of climate change.
LIKELIHOOD OF
Some scholars have provided estiTHE CATASTROPHE
mates of the probability of extreme
The probability of catastrophic cliwarming. The economists Germate change depends on the levnot Wagner and Martin Weitzel of GHGs in the atmosphere
man have inferred estimates
and on the sensitivity of the
of the probability of warming
climate to cumulative GHGs.
of more than 6°C relative to
According to a report by
pre-industrial levels from
King et al for the Centhe IPCC figures. They
tre for Science Policy
argue that even on a
at the University of
low-medium emisCambridge, if masions scenario, there
jor countries and
is at least a 3%
regions continchance of evenper tonne
ue with curtual 6°C warmIs the recommended global price
rent plans and
ing (with
of carbon by some leading economists.
projects, the
significant
Current price is significantly less.
world is
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ty). On the medium-high emissions
scenario, the chance could be around
10%.30 These figures are of course
speculative, but they do provide some
reason to believe that the probability of catastrophic climate change is
non-negligible, unless strong action is
taken on GHG emissions.
MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
There are three main ways to reduce
the risks from climate change: adaptation to climate change, abatement
of GHG emissions, and geo-engineering. It is likely to be very costly if not
impossible to to avoid many of the
impacts of non-catastrophic climate
change by adaptation alone,31 and
adapting to warming of 6°C or more is
likely to be even more costly and difficult.
Turning to abatement, most economists agree that the best way to reduce GHG emissions is to impose a
carbon tax or a cap and trade system.32 At present, the global price of
carbon is approximately $4 per tonne,
whereas according to Wagner and
Weitzman, to fully price in the externalities from catastrophic climate
change, a price of at least $40 could
be required.33
Scientists have demonstrated an

FIGURE 2.1. THE CHANCE OF EXTREME CLIMATE CHANGE

approximately linear relationship
between the total amount of carbon
emitted and the resulting temperature increase.34 The majority of the
carbon still underground is in the
form of coal.35 If we were to avoid
burning the remaining global coal
reserves we would likely avoid catastrophic levels of climate change.36
States could commit to building no
new coal-fired power stations without
carbon capture and sequestration to
limit the fraction of the global coal reserves which are burned.
Geo-engineering – the deliberate
use of technology to alter the world’s
climate – in the form of Carbon Dioxide Removal (CDR) or Solar Radiation Management (SRM), could also
help to reduce the risk of catastrophic climate change, as a complement
to GHG abatement. CDR techniques,
such as carbon sequestration or iron
fertilisation of the oceans, would remove CO2 from the atmosphere and
thereby help us move towards net
neutral or net negative emissions.37
SRM techniques, such as the injection
of sulphates into the stratosphere,
cause global cooling by reflecting
sunlight. The benefits and risks of
geo-engineering are discussed in
more detail in section 2.5.38

The probability of warming of 6°C for different atmospheric concentrations of greenhouse gases.39
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2.2. Nuclear war

T

he invention of nuclear weapons gave humanity the technical capacity to cause devastation on a hitherto unseen scale.
Although there have been no nuclear attacks since the Second World
War, we have come close to inadvertent and intentional nuclear war on
a number of occasions. A worrying
possible consequence of nuclear war
is a nuclear winter with global climatic implications. While the chance of
nuclear war may appear to have declined since the end of the Cold War,
tensions between nuclear states persist. Reducing the likelihood of nuclear war is a serious ongoing global
challenge.
Despite these risks, some have argued that the deterrence effects of
the nuclear bomb have been, and will
be, very valuable in terms of ensuring global peace.40 How to make the
trade-off between lower likelihood
of nuclear or conventional conflict is
unclear.
POTENTIAL IMPACT
OF THE CATASTROPHE
The scale of the damage done by nuclear war obviously depends on the
scale of the nuclear war itself. In 2014,
there were 9,920 stockpiled nuclear
warheads in the world (down from a
peak of 65,000 in 1986).41 The United
States has 4,760, with yields ranging
from 5 kilotons to 455 kilotons;42 and
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Russia has 4,300, with yields ranging
from 50 to 800 kilotons.42 For comparison, the Little Boy bomb dropped on
Hiroshima had a 15 kiloton yield.44
The damage from nuclear war can
be divided into two main categories.
Firstly, there is the damage from the
blast, fire and radiation. A 1979 report by the U.S. Office of Technology Assessment estimated that, in an
all-out war between the US and Russia involving thousands of nuclear
weapons, 35-77% of the U.S. population and 20-40% of the Soviet population would die within the first 30 days
of the attack, and millions would die
globally in the following years due to
the radioactive dust cloud.45 The proportionate death toll today is likely to
be lower because nuclear arsenals at
that time were five times larger.46
The second category of damage is
a possible nuclear winter, which is
caused by the burning of cities, industrial facilities and other flammable materials, sending smoke into the
atmosphere. Scientists have applied
modern climate models to predict the
scale of nuclear winter, though these
predictions are uncertain. According
to one model, an all-out exchange of
4,000 nuclear weapons would release
150 teragrams of smoke, leading to a
8°C fall in global temperature.47 Due
to the fall in temperature and the loss
of sunlight and growing food would
be virtually impossible for 4-5 years,
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creating an unprecedented famine.
According to some models, even a
smaller scale regional war between
India and Pakistan involving fifty 15
kiloton weapons would cause global
temperatures to fall by around 1.25°C
in the first year. Some have suggested
that this could disrupt agriculture so
significantly that one billion people
would be at risk of starvation, though
this has been criticised as overly pessimistic.48
LIKELIHOOD OF THE CATASTROPHE
It is very difficult to estimate the
probability of a nuclear war in the
next century. However, the chance
may be too high to ignore. Over the
course of the nuclear age, we have
come close to inadvertent nuclear war
on numerous occasions. For example, in 1995 Russian systems mistook
a Norwegian weather rocket for a potential nuclear attack. Russian President Boris Yeltsin retrieved launch
codes and had the nuclear suitcase
open in front of him. Thankfully, Russian leaders decided the incident was
a false alarm.49 In a 2013 paper Barrett
et al estimated that the 90% confidence interval of the annual probability of accidental nuclear war between
the US and Russia is from 0.001% to
7%.50 This covers a significant range,
but a substantial portion of the possibilities are uncomfortably high.
We have also come close to intentional nuclear war on many occasions. President Kennedy said that
the chance of nuclear war during the
Cuban Missile Crisis was “somewhere
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FIGURE 2.2.1. NUCLEAR ARSENALS OF THE US, RUSSIA,
AND THE WORLD FROM 1945 UNTIL TODAY 59

between one out of three and even”.5!
Although tensions have decreased
since the end of the Cold War, in
the wake of the crisis in Ukraine the
chance of confrontation has risen,52
and the geopolitical situation could
become more unstable over the next
few decades.
According to many experts, the
most likely intentional nuclear war
is between India and Pakistan. India and Pakistan have had numerous
wars in the past and there have been
various terrorist attacks against India
by Pakistani groups.53 Pakistan has
pledged to meet any Indian attack on
its territory with a retaliatory nuclear
strike.54
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MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
There is some disagreement about
how to reduce the risk of nuclear war.
One policy option favoured by many
is continued reduction of global nuclear arsenals.55 There has been a
great deal of progress on this front:
in the 1960s 23 countries had weapons or were pursuing programmes,
whereas today only nine countries
have weapons.56 However, reduction
of nuclear arsenals does not guarantee safety.57
Weapons systems could also be altered to reduce the risk of accidental and intentional war. For instance,
decision times could be increased
by each side locating their weapons
further from each other’s borders.58
More broadly, improved international relations would help to decrease
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FIGURE 2.2.2. GLOBAL TEMPERATURE ANOMALY FROM NUCLEAR WINTER
Global average surface air temperature change from a release of 5 Teragram, 50 Teragram, and 150 Teragram
of particular matter in the context of the climate change of the past 125 years.61

NUCLEAR NEAR MISSES
• In 1973, when Israel encircled the Egyptian Third Army, the Soviets
threatened to intervene, leading to implied nuclear threats.
• In September 1983, a Soviet early warning satellite showed that the
United States had launched five land-based missiles at the Soviet
Union. The Soviet officer on duty, Stanislav Petrov, had only minutes
to decide whether or not the satellite data were a false alarm. Since
the satellite was found to be operating properly, following procedures
would have led him to report an incoming attack. Going partly on gut
instinct and believing the United States was unlikely to fire only five
missiles, he told his commanders that it was a false alarm before he
knew that to be true. Later investigations revealed that reflection of
the sun on the tops of clouds had fooled the satellite into thinking it
was detecting missile launches.
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• The Able Archer incident of November 1983 was, in the words of
former US Secretary of Defense Robert Gates, “one of the potentially most dangerous episodes of the Cold War”. With talk of fighting
and winning a nuclear war emanating from Washington, the Soviets
reasoned that the West would mask preparations for a nuclear attack
as a military exercise. The Able Archer exercise simulated the coordinated release of all NATO nuclear weapons. In response, the Soviets
readied their nuclear forces and placed air units in East Germany and
Poland on alert.
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There have been numerous other examples of nuclear near misses.
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the likelihood of international nuclear conflict. Research into nuclear winter would improve our knowledge and allow nuclear states to
change their strategy accordingly.
Finally, state and non-state actors
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could work to ensure that terrorists
cannot acquire nuclear weapons by
theft or on illegal markets. Global enforceable standards for nuclear
weapon security would help achieve
this goal.60
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2.3. Natural pandemics

U

ntil the discovery of nuclear weapons, pandemics were
the most important global
catastrophic risks, and it is plausible
they still are. Plague, HIV, smallpox
and other diseases have killed millions upon millions of people. There
remains a serious chance that a pandemic could kill a huge portion of the
world population, with pandemic influenza the most serious threat. A variety of measures, including improving international coordination and
data sharing, and increasing the production of drugs and vaccines, would
help to reduce this risk.
POTENTIAL IMPACT
OF THE CATASTROPHE
The Black Death plague in the 14th
century killed between 11% and 17%
of the global population over the
course of a decade.62 In the most devastating pandemic of the last 100
years, the 1918 Spanish influenza
outbreak, 50-100 million people lost
their lives – between 2.5 and 5% of
the global population.63 Both of these
pandemics occurred before the age
of modern medicine, so it is unlikely these diseases would have similar impact today, although our more
connected society may increase the
spread of pandemics.
Currently, H5N1 avian influenza is
thought to be the greatest pandemic
threat.64 To develop into a pandemic
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H5N1 would have to be easily transmissible between humans, which is not
currently the case, though occasionally
humans become infected through animal vectors. Influenza pandemics have
previously infected about 24-38% of the
world population.65 The case fatality of
a novel strain of H5N1 is unpredictable,
but estimates for the H5N1 case fatality
rate until today vary particularly widely – from 1% to 60%.66 A very rough estimate of the death toll of a H5N1 pandemic can be found by multiplying
the usual pandemic attack rate (24% to
38%) by the global population (roughly 7 billion) times the case-fatality ratio
(1% to 60%). This produces an estimated death toll of between 16.8 million
and 1.7 billion fatalities. The developing world would probably bear an overwhelming part of this burden.67
LIKELIHOOD OF THE CATASTROPHE
Influenza pandemics occur relatively
frequently: there have been ten in the
last 300 years, though none of these
have killed more than 5% of the world
population.68 It is difficult to know
where and when the next natural pandemic will occur. Globalisation and
increased interaction between humans and animals increase the risk of
pandemics, but improved health and
sanitation would lessen their impact.
According to the UK National Risk
Register there is between a 1 in 20 and
a 1 in 2 chance of a pandemic killing up
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to 1% of the UK population in the next
five years. Such a pandemic would go
on to have global effects. Global catastrophic risk-level pandemics (killing
more than 10% of the global population) are, however, further down the
tail of the probability distribution. Results from expert surveys have put a
15% chance of an H5N1 pandemic over
a three year period.69
MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
There are numerous ways to limit the
risk from pandemics.70 Firstly, pharmaceutical companies could focus attention on developing vaccines and drugs
for very damaging pandemics, and the
international community can remove
barriers to development with measures
such as the establishment of a global vaccine development fund.71 Secondly, governments and international
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FIGURE 2.3.1. HISTORIC PLAGUES AND PANDEMICS 76

bodies such as the WHO can stockpile
drugs and vaccines to counter disease
outbreaks. However, stockpiles may
only be effective for some but not all
pandemic pathogens.72 Thirdly, since
developing countries will probably
face the highest burden from future
pandemics, continued improvements
in developing world health systems
in accordance with the WHO’s International Health Regulations, and improvements in the global distribution
of drugs and vaccines, would limit the
risk from pandemics.73 Fourthly, disease surveillance and response systems could be improved so that novel threats in both animal and human
populations are detected and responded to quickly.74 Rapid dissemination
of relevant data between countries is
also essential for effective outbreak
response, because of the exponential
spread of infection in an outbreak.75
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PANDEMIC

DATE(S)

LETHAL IMPACT

Plague of Justinian

AD 541-542

25-33m (13-17% of the world population)

Black Death

14th Century

50-75m (11-17% of world population)

Smallpox

1520-1527

200,000 deaths within the Aztec population
(75% of population in some areas)

Spanish influenza

1918 - 1919

50 - 100m (2.5-5% of population)

Smallpox

20th century

300m over the course of the 20th Century

HIV/AIDS

1981 - present

34m
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2.4. Exogenous risks

E

xogenous risks are those which
arise independent of human
activity (whereas even natural epidemics are spread by humans).
They include such possibilities as
super-volcanic eruptions and large
asteroid and comet impacts, which
are believed by some to have caused
mass extinctions.77 The likelihood of
exogenous risks is better understood
than that of many other global catastrophic risks because the underlying
dynamics have been unchanged for
a very long time. The historical evidence suggests that exogenous global
catastrophic risks cannot be too frequent, and may therefore be much
less likely than some of the anthropogenic risks.78

est mass extinction in history and reduced the human ancestor population from around 100,000 to around
4,000 people for approximately
20,000 years, though this is controversial.81 According to a report by the
Geological Society of London:
“A layer of ash estimated at 15 centimetres thick fell over the entire
Indian sub-continent, with similar
amounts over much of SE Asia. Just
one centimetre of ash is enough to
devastate agricultural activity, at least
when it falls in the growing season.
An eruption of this size would have
catastrophic consequences. Many
millions of lives throughout most
of Asia would be threatened if Toba
erupted today.”82

A. SUPER-VOLCANOES

Super-volcanoes are volcanoes capable of producing at least 1012 m3
bulk volume of fragmental material.79
Some experts believe that the eruption of the Toba super-volcano in
Indonesia around 70,000 years ago
brought humanity to the brink of extinction, though there is significant
disagreement about this.

LIKELIHOOD OF THE CATASTROPHE
In order to assess the likelihood of super-volcano eruptions, we have to rely
on a relatively limited set of observations of past super-volcanic eruptions, which makes any estimates
very uncertain. Existing data suggest that there will be a super-volcanic eruption roughly every 30,00050,000 years on average.83

POTENTIAL IMPACT OF THE RISK
The Toba eruption ejected large
amounts of dust and sulphates into
the Earth’s atmosphere, which caused
global cooling of 3-5°C for several years and led to enormous loss of
plant and animal life.80 Some have
argued that Toba caused the great-

MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
At present, humanity lacks the technical capacity to prevent volcanic
eruptions. Consequently, improving
resilience to catastrophe is the main
way to limit the risk from super-volcanoes. We discuss this in more detail
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in Chapter 3. Increased investment
and research might also improve our
ability to predict volcanic eruptions,
which would in turn improve preparedness.84

B. ASTEROIDS
AND COMETS

Around 66 million years ago, an asteroid of around 10km in diameter
struck Chicxulub in Mexico. This impact probably caused one of the three
largest mass extinctions in history
and may have abruptly ended the age
of the dinosaurs.85 Today, an impact
by a Near Earth Object (NEO) – an asteroid or comet – larger than 1.5km in
diameter would kill millions largely
by causing global cooling and agricultural disruption. The likelihood of an
NEO impact is reasonably well-understood and important steps have
been taken to monitor the risk they
pose.

FIGURE 2.4. RISK BEFORE AND AFTER THE SPACEGUARD SURVEY 92

being released into the atmosphere.86
The damage that would be caused by
a multi-kilometre asteroid or comet
impact is only modestly understood
at present.87 An asteroid winter would
undermine agriculture at least for an
entire growing season and so could
cause the deaths of billions of people.88 According to a comprehensive
report by the US National Research
Council, “above the conservatively
assumed global catastrophe threshold from a 1.5km-diameter impactor, the number of fatalities ramps up
from 10% of the world’s population to
the entire population for impactors
above 10km in diameter”.89
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“The likelihood of an NEO
impact is reasonably well-understood and important steps have
been taken to monitor the risk
they pose.”

ed) cost of all NEOs is currently 91 fatalities.93
Once ongoing asteroid surveys
are completed, long-period comets
– comets which take more than 200
years to orbit the Sun – may dominate the remaining unknown impact
threat from NEOs.94
MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
There are three main ways to limit the
risk from asteroids. Firstly, improved
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detection of asteroids would enable
humanity to understand the risks it
faces and to take appropriate counter-measures. NASA’s ongoing Spaceguard Survey has so far reduced the
expected cost a large asteroid impact
by more than an order of magnitude.95
Secondly, technological research could
help us to find ways to deflect threatening NEOs.96 Thirdly, improvements
in resilience could be made to ensure
human survival in the event of a large
asteroid or comet impact.
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2.5. Emerging risks

I

n the coming decades, emerging
technologies will provide major
benefits to society, but they may
also create significant and unprecedented risks. Certain types of biotechnology, if more widely accessible, could give terrorist groups the
access to pathogens as dangerous as
smallpox. Geoengineering technologies could give single countries the
power to unilaterally alter the earth’s
climate. Finally, artificial general intelligence could, if developed, leave
human control.
Technological risks could emerge
very quickly and give certain groups
large and perhaps unprecedented
destructive power. Moreover, some
emerging technologies may be particularly difficult to control because barriers to access the technology may be
quite low.

A. ENGINEERED
PANDEMIC

The past decades have seen rapid advances in biotechnology, in part due
to the falling costs of gene sequencing and synthesis.97 Improvements in
ease-of-use of certain specific kinds
of biotechnology bring increased concerns about bioterrorism. Gene synthesisers have the capacity to turn
digital sequence data into physical
genetic sequences, enabling individuals to create viruses from digital files
(as was done with the 1918 Spanish
Flu virus).98 Should gene synthesis be-
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come increasingly streamlined, the
tools enabling such risks may become
widely accessible.99 Previously benign
digital information, such as the widely available online genetic data for
smallpox, will become more hazardous.
POTENTIAL IMPACT OF THE RISK
Evolutionary pressure generally constrains the lethality of pathogens, as
most highly lethal pathogens fail to
spread far before killing their host.
There is thus some evidence for an inverse relationship between a pathogen’s lethality and transmissibility,
thereby limiting the damage from a
naturally occurring pandemic. Biotechnology has the potential to break
this correlation, allowing organisms
with extraordinarily high lethality
and transmissibility. In 2001 Australian researchers accidentally created
a highly lethal and vaccine resistant
form of mousepox.100 Similar techniques could potentially be applied
to smallpox.101 Two recent controversial papers have shown how to create
a version of H5N1 which is potentially transmissible between humans.102
Basic calculations based on H5N1 parameters suggest that a single release
of these modified viruses could cause
hundreds of millions of casualties.103
Engineered pathogens with dangerous features could be released accidentally from a lab or intentionally
by states or terrorist groups. The legal
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theorist Richard Posner has described
a scenario in which terrorists synthesise a version of smallpox that is incurable, immune to vaccine and kills
all its victims, which is then released
in a large city via aerosol.104 Although
such scenarios are not currently feasible, eminent figures including George
Church,105 Nathan Myhrvold,106 and
Martin Rees107 have all argued that
biotechnology poses serious risks.
LIKELIHOOD OF THE CATASTROPHE
There is a real possibility that a dangerous engineered pathogen could
be released by accident. The H1N1
influenza strain, responsible for significant morbidity and mortality
around the world from 1977 to 2009, is
thought to have originated from a laboratory accident.108 As of 2012, there
were at the very least 42 laboratories
engaged in live research on potential
pandemic pathogens, though this will
have been affected by the US moratorium on ‘gain of function’ research
in 2014.109 Lipsitch and Inglesby estimate that “work with a novel, transmissible form of influenza virus carries a risk of between 0.01% and 0.1%
per laboratory-year of creating a pandemic... or between 0.05% and 0.6%
per full-time worker-year”.110 These
estimates are illustrative of the probability that existing ‘gain of function’
influenza research would produce a
pandemic, though there is significant
uncertainty about them.111

FIGURE 2.5.1. COST PER GENOME 116

As biotechnology develops, the
level of expertise required to create
dangerous pathogens will fall. In the
longer term, if biotechnology matures sufficiently and gene synthesis
is not well-regulated, states and small
groups will find it increasingly easy to
synthesise and alter dangerous pathogens.112 This poses a serious risk of a
global catastrophe.
MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
Many of the measures which limit the
risk from natural pandemics would
also limit the risk from synthesised or
modified pathogens. However, other
measures would help specifically with
biotechnology risks. Fostering a culture of safety in the relevant research
and technical communities is probably very valuable. Researchers could
be encouraged to take significant precautions with this research and to
avoid disseminating research when
doing so brings major risks. With regard to regulation, a licensing regime
for DNA synthesis could be one first
step,113 while mandatory liability insurance for dual-use research - which
helps medical progress but could be
used maliciously - would ensure that
researchers have incentives to maintain high levels of laboratory biosafety.114 Governments could also require
journal editors to consider whether
publication of research could lead to
adverse outcomes.115
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B. ARTIFICIAL
INTELLIGENCE

Prominent figures uch as Stuart Russell, Professor of Computer Science at
Berkeley, Peter Norvig, Director of Research at Google, and Nick Bostrom,
author of Superintelligence, recently signed a letter warning of the risks
posed by Artificially Intelligent (AI)
systems.117 Past experience demonstrates that AI systems can go from
significantly subhuman to superhuman relatively quickly in narrow domains, such as recently in the game
Go. In the coming decades, we may
create AI systems which surpass humans in all relevant domains. If this
were to happen, the effects would be
uniquely transformative. However,
AI also has huge potential benefits,
as well as risks.118 It could, for example, greatly reduce the cost of many
goods, and allow us to solve other
global problems.
POTENTIAL IMPACT OF THE RISK
Some risks of AI likely fall short of
posing a global catastrophic risk.
Widespread automation could cause
significant economic and social disruption, which has only a relatively small chance of leading deaths at
the scale of other global catastrophic
risks.119
In the longer term, AI may enable
important new capabilities, perhaps
extremely quickly if it turns out that we
can automate AI development.120 If we
have powerful and generalisable automated systems, the goals they are programmed with may exert significant
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influence over the future. It has been
argued that if these goals were not
aligned with human values, the consequences could be truly catastrophic.121
It is difficult not only to specify human
values in a robust, machine-interpretable way, but also to agree on human
values in the first place. Moreover, if
even if the values of very powerful artificially intelligent systems can be
aligned with their creators’, such systems might destabilise the geopolitical
balance in a destructive way.
LIKELIHOOD OF THE CATASTROPHE
It is widely accepted that we will be
able to create AI systems that are capable of performing most tasks as
well as a human at some point (‘human-level AI’). Experts disagree
about when this will occur. According
to the median surveyed expert, there
is a roughly 50% chance of such AI
by 2050.122 The median surveyed expert believes that there is at least a 5%
chance of superintelligent AI within
two years after human-level AI, and
a 50% chance within thirty years.123
Assuming that human-level AI is developed, its long-term social impact
is unclear. According to the median surveyed expert, there is around a
7% chance that it would be ‘extremely bad’.124 The extreme uncertainty
surrounding these estimates should,
however, be strongly emphasised.
MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
Different challenges from AI systems
will require different responses, and
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2.5.2. GLOBAL TEMPERATURE ANOMALY FROM GEO-ENGINEERING
FOLLOWED BY TERMINATION
in many cases it will be more appropriate to respond closer to the time
the technologies mature. However,
there is a strong case for early work
preparing for possibly rapid changes
brought about by AI systems because
a reactive response won’t succeed
when the change is very rapid. In particular, important research could be
done on how to give AI systems desirable goals. Foresight work could be
done to better understand which other issues require advance preparation,
or where there may be an eventual
role for other responses. Work could
also be done to encourage understanding of the risks among AI developers, especially around automated
AI system development, which might
enable very fast transitions. However,
the benefits of AI could be very great
so it is important not to unnecessarily
impede AI development.

C. GEOENGINEERING

As mentioned previously in this chapter, geo-engineering – in the form of
Carbon Dioxide Removal (CDR) or
Solar Radiation Management (SRM)
– could help to limit the risks of catastrophic climate change. CDR techniques, such as ocean fertilisation or
carbon sequestration, remove Carbon Dioxide from the atmosphere,
whereas SRM techniques, such as
cloud brightening or the injection
of sulphates or other particles into
the stratosphere, reflect the sun’s
light and heat back into space. Certain forms of CDR could carry major
risks. For example, ocean fertilisation
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Global average surface air temperature change from business as usual emissions, injection of 3 megatons/annum (Mt/a) of SO2 in the Arctic, 5 Mt/a of SO2 in the tropics, and 10 Mt/a SO2 in the tropics.130

using iron or urea could pose major
risks to marine ecosystems.125 However, most forms of SRM are thought
to carry much greater risks than most
forms of CDR,126 and worries about civilisation-threatening consequences
have generally focused on SRM (and
in particular on currently the leading
form of SRM: the injection of sulphate
particles into the stratosphere).127 The
remainder of this section will therefore focus on SRM only.
SRM is the only known technique
for quickly stopping (or even reversing) the rise in global temperatures.
This means that it could be used as
a complement to GHG reduction, to
manage temperatures while the world
phases out fossil fuels. Some have
proposed that SRM could provide insurance against a ‘climate emergency’, such as unexpected abrupt and
extreme warming.128 Thus, on some
scenarios, failing to use SRM could
constitute a global catastrophic risk.
Moreover, SRM has the potential to
reduce the costs of warming at very
low cost. Some estimate that the annual cost of stratospheric aerosols
could be less than $10 billion per year,
which is orders of magnitude less
than the costs of climate change mitigation strategies.129
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POTENTIAL IMPACT OF THE RISK
Four main arguments have been given for the view that SRM brings global
catastrophic risks. Firstly, while existing models suggest that SRM could
reduce the catastrophic effects of climate change and will not bring their
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own catastrophic impacts, it may nevertheless bring currently unknown
risks, particularly through impacts
on global precipitation.131 The climate
system is imperfectly understood and
the deployment of a novel technology with global effects is inherently risky. Whether the use of SRM is
more risky than allowing the planet to
warm is one of the key questions for
anyone considering using SRM. Secondly, because SRM is so cheap, individual states could feasibly deploy
it and unilaterally bring about global
climatic impacts. Moreover, individual states might also have the incentive to do this because they could be
particularly badly affected by climate
change.132 Individual states acting
alone may be less likely to properly
take into account the interests of other states and may be concerned about
catastrophic consequences in other
regions.
Thirdly, sudden termination of SRM
would lead to rapid and severe global
warming.133 There are some reasons
to think that an SRM system could be
very resilient against external shocks
and termination. If the current deployer were to suddenly stop SRM
for some reason, every other country
would have strong incentives to resume SRM.134 Thus, sudden termination might only be likely in the event
of a severe global catastrophe which
undermines the capacity of all countries to use SRM.135
Finally, research into geo-engineering or advocacy for geo-engineering
could present a ‘moral hazard’ in that
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it could discourage GHG reduction
efforts.136 All major reports studying
SRM have concluded that it does not
present an alternative to emissions reductions, as it only masks the effects
of GHGs and does nothing to counter ocean acidification.137 Therefore, it
could be problematic if geo-engineering drew a disproportionate amount
of policy attention. However, it is important to bear in mind that there are
countervailing reasons in favour of
SRM research and advocacy.
LIKELIHOOD OF THE CATASTROPHE
The probability that there will be a
global catastrophe brought about by
SRM depends on many factors, including the timing, speed and severity of global warming; the state of SRM
technology and our knowledge of the
climate system; the response of the
climate system to SRM; the form of
SRM deployed and how it is used; and
how well the world does at organising
governance of SRM. There is obviously very large uncertainty about all of
these factors.
We argued above that unless strong
action is taken soon, there is a sizeable chance of catastrophic warming.
Catastrophic warming would create
very strong incentives to use SRM.
Therefore, unless strong GHG reduction action is taken soon, the chance
that SRM is used will increase. The
greatest chance of catastrophe probably comes from poorly planned and
governed the use of SRM, perhaps
by an individual state or small group
of states. Since most of the risks of a
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well-governed and well-planned form
of SRM are unknown, it is very difficult to say how likely that form of
SRM is to produce a global catastrophe.
Finally, it is unclear the impact research into, advocacy for, or preparation for, geo-engineering would have
on global willingness to cut greenhouse gas emissions. Therefore, it is
not clear to what extent geo-engineering is a moral hazard.
MAIN ACTIONS AVAILABLE
TO LIMIT THE RISK
The main way to reduce the risks
from SRM would be to take strong
action on GHGs to reduce the expected costs of climate change and
thereby reduce the incentives to
geo-engineer. Further research into
the different kinds of SRM and into
the response of the climate to them
would reduce the unknown risks of
SRM. Finally, working to develop
geo-engineering governance through
climate treaties and through global
institutions might limit the risks of
unilateral SRM.138 However, both of
these actions might also have moral
hazards. We cannot settle the moral
hazard debate here, but it is import-
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In the coming decades,
emerging technologies
will provide major
benefits to society,
but they may also create
significant and unprecedented risks.

ant for policymakers to be aware of
these issues.

THE CHALLENGE OF
EMERGING RISKS

The catastrophic risks from emerging
technology are particularly challenging. Firstly, we have no track record
of dealing with these emerging technological risks and, as we discuss in
chapter 4, existing national and international institutions are not designed
to deal with them. It is therefore less
likely that our eventual responses will
be effective.
Secondly, these technologies might,
like nuclear weapons, reach maturity more quickly than expected. If so,
the nature of the problem would only
become fully apparent over a short
time-frame and it would be difficult
to make an appropriate response.
Thirdly, some of these technologies
could be harder to control than nuclear weapons. Nuclear weapons require
the rare and controllable resources
of uranium-235 or plutonium-239. In
contrast, if some of these technologies reach full maturity, they could be
accessible to small countries or even
terrorist groups.
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2.6. Other risks and
unknown risks

T

here is a broad spectrum of
possible global catastrophic risks, from very salient and
well-understood threats to those
which are extremely low probability and highly speculative. In compiling this report, we had to make decisions about which risks to investigate
carefully, and which to ignore. Our
guiding principle was to include risks
which could clearly cause a global catastrophe in our definition if
they were to happen, which could be
speculative but not too speculative,
and which were not too low in probability.
There are several risks we didn’t
include for these reasons. For example, gamma ray bursts are fairly well
understood and would be catastrophic, but have a very low annual likelihood.139 A global totalitarian state is
a possible scenario, but it is unclear
what proportion of the scenarios
would meet the threshold for a global
catastrophe and how likely it would
be to arise given the current geopolitical environment.140 Conventional and
chemical warfare are real threats, but
quite unlikely to reach the scale of a
global catastrophe.
It is important to remember, however, that nearly all of the most threat-
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ening global catastrophic risks were
unforeseeable a few decades before
they became apparent. Forty years
before the discovery of the nuclear
bomb, few could have predicted that
nuclear weapons would come to be
one of the leading global catastrophic risks. Immediately after the Second
World War, few could have known
that catastrophic climate change, biotechnology, and artificial intelligence
would come to pose such a significant
threat.
These risks emerged due to rapid
economic and technological development, which looks set to continue apace in the coming century. That
might create a number of new risks.
Therefore, it seems likely that some
future global catastrophic risks are at
present unknown.
Detailed planning for unknown
risks is of course impossible, but
steps can be taken to improve our
preparedness. Bodies specifically
tasked with horizon scanning and the
discovery of new global catastrophic risks would give the international
community more time to craft an appropriate response. Measures can also
be taken to improve general societal
resilience to catastrophe. These are
discussed in chapter 5.
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2.7. Our assessment
of the risks

W

e’ve given qualitative descriptions of each of these
risks. It is useful to consider comparisons between them as
well. Unfortunately there is a great
deal of uncertainty around the level
of many of the risks, and around how
much can usefully be done. Nonetheless, some attempt must be made in
order to prioritise the world’s scarce
resources, and there are some areas
where we can be more confident than
others.
In this section, therefore, we make
some comparative assessments of the
risks. Because of the high level of uncertainty we categorise the risks into
broad bands rather than attempt precise assessment. The categorisation
remains our subjective judgement,
and it is possible that some risks
should be in different bands. But we
believe that it is better to offer even
such an imperfect assessment than
nothing.

A. OUR METHOD

We have assessed the risks on two different dimensions. First, the current
likelihood: how likely is it to materialise in the next few years? Second,
how much work should be given to reducing the risk in the next few years
(according to our judgement)? These
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Bodies specifically
tasked with horizon
scanning and the
discovery of new global
catastrophic risks would
give the international
community more time
to craft an appropriate
response.

two dimensions are linked, but they
can come apart, as in the case of climate change whose main harms are
not likely to be felt soon, but which
demands action today. We think that
this split should be explicit.
To assess current risk, we considered the likelihood over the next five
years. Our upper band consists of
events which we consider to be distinct possibilities. The lower band
consists of risks which appear low in
absolute likelihood, either because
the base rate is low enough or because
five years is too short a timescale for
the risk to develop. Because of the
large scale of the potential catastrophes, even risks in the lower category
may still be significant over this time
period.
It is even harder to assess how large
the response should be. We considered how much risk was posed, both
at present and in years to come. We
also considered how good the opportunities to reduce the risk appear, and
for emerging risks how much they
benefit from early responses. Our upper band indicates risks where we
think a significant global response is
likely appropriate, perhaps involving thousands of people, or billions of
dollars. There is a wide range within this band, and we do not think all

Global Catastrophic Risks 2016

Global Catastrophic Risks 2016

67

CHAPTER 2 – WHAT ARE THE MOST IMPORTANT GLOBAL CATASTROPHIC RISKS?

FIGURE 2.7. OUR ASSESSMENT OF GLOBAL CATASTROPHIC RISKS

of the risks there should receive the
same amount of attention. For risks
in the lower band, we still think responding is appropriate, but perhaps
at a smaller scale for the time being.
Our assessment is summarised in
this diagram:

have decreased since the Cold War,
nuclear war appears to remain a real
possibility. We have correspondingly placed it in the upper category for
likelihood. It is the only catastrophe
that is definitely within the reach and
control of humanity today, and we
think it is therefore appropriate that
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emerging risk in that future technology will make them more plausible. But even existing experiments
have been claimed to pose real risk of
sparking a pandemic, so we put this
in the upper band for likelihood. We
also think it is appropriate that it gets
significant amounts of attention, particularly as the unmanaged risk may
be increasing.
Risks from artificial intelligence appear to be low in the short-term, since
we most likely are some way off the
kind of capabilities that might cause a
global catastrophe. We have therefore
put them in the lower category of current risk, although it is hard to predict
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There is a great deal of
uncertainty around many
of the risks, and around
how much can usefully be
done. Nonetheless, some
attempt to estimate must
be made in order to
prioritise the world’s
scarce resources.

the speed of technological progress.
In the longer term the risks could be
extremely significant, and experts
have identified useful work that can
be done today, so we have put it in the
upper category of attention.
Finally, risks from geoengineering
are another emerging technological
risk where the current risks seem low.
But because geoengineering may be
employed to tackle climate change,
it seems important to build a more
comprehensive understanding of the
risks it poses in itself. For this reason
we have put it in the higher category
for attention.
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Chapter 3

Risk factors and
interactions between risks

I

n this chapter we discuss some
of the factors that affect the likelihood of global catastrophic
risks. We first discuss some of the
key factors influencing individual risks, before turning to factors that
the risks have in common, and ways in
which catastrophic events could trigger
further catastrophes.
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Global catastrophic risks are parts
of extremely complicated causal networks, and the drivers of each one
could quite sensibly be the subject of
multiple books. Here, we provide a
brief overview where we highlight a
few key drivers. This serves as a background to the more action-oriented
discussions of Chapters 4 and 5.
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3.1. Drivers of
individual risks
NUCLEAR WAR
Increasing the number of nuclear-armed actors -- horizontal proliferation -- probably increases the likelihood of nuclear conflict. Increasing
the size and sophistication of their
arsenals -- vertical proliferation -- increases the amount of damage that
could occur in a given conflict.141
These factors are, in turn, influenced
by political factors such as leading
nations’ ability to control rogue actors, and the level of conflict between
nuclear states.142
The possibility of false alarms or
miscalculation between nuclear powers is another driver of risk, exacerbated further when geopolitical tensions are high.143 There is also the
unresolved question of exactly how
sensitive the climate system is to dust
and sulphates. The higher the sensitivity, the greater the risk of a nuclear
winter scenario.144
Our response to climate change
may also have significant effects on
the risk of nuclear war. Many authorities on climate change argue that it
will be hard to reduce GHG emissions
sufficiently without nuclear power
being part of the energy mix.145 Unfortunately, rising use of nuclear power
may increase the chance of nuclear
weapon proliferation.146 Moreover, the
mass migration and resource scarci-
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“If ‘positive feedback loops’ prove
to be worse than anticipated,
the risk of catastrophic climate
change will be higher.”

ty which could result from significant
climate change may increase the geopolitical tensions that drive nuclear
risk.147
PANDEMICS
The factors driving pandemic risk divide into those affecting the likelihood of potentially pandemic pathogens arising, and those affecting how
much society will be affected by such
pathogens. Whether a given pathogen
could cause a pandemic depends on
its natural parameters, such as transmission vector, resistances, and lethality, over which we generally have
little control.148 However, concentrated populations of poultry or other
animals can increase the probability of zoonotic spillover, raising the
risk.149 The transmission of pathogens
through society is increased by global
travel and dense populations, but decreased by factors such as improved
hygiene.150 The effectiveness of our
countermeasures constitutes another important factor, ranging from disease surveillance to healthcare access
in the developing world.151

es outside of human control. However, our ability to predict, and, in the
case of asteroids and comets, to prevent these catastrophes could have a
significant bearing on their eventual impact. Because we have less control over the likelihood of an adverse
event with these than with most global catastrophic risks, resilience is a
more central part of the risk management strategy. A particularly important factor is the level of food security,
including stockpiles and the ability
to switch to less sunlight-dependent
food sources.152 Better food security
means a lower chance that a particulate winter would have catastrophic
consequences.153

SUPER-VOLCANOES,
ASTEROIDS, AND COMETS
The probability of super-volcanic
eruptions and asteroid and comet impacts are driven by natural process-
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CATASTROPHIC CLIMATE CHANGE
& GEO-ENGINEERING
The risk of catastrophic climate
change and the risk of a geoengineering catastrophe are strongly influenced by the level of GHG emissions.
These depend on factors including
the amount of energy the world consumes and the proportion of this
which comes from fossil fuels. The
total energy consumption is shaped
by, among other things, population
growth, economic development, and
energy efficiency. The proportion of
energy which comes from fossil fuels
depends on other factors such as the
rate of progress in clean energy technology development and the preva-
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lence of economic incentives to adopt
clean energy technologies.154
Another important set of factors
concern how the climate is likely
to react to increased levels of GHG
emissions. If the climate turns out to
be generally more sensitive to GHG
emissions than expected, or if “positive feedback loops” prove to be
worse than anticipated, the risk of
catastrophic climate change will increase.155
Finally, the development of new
geoengineering techniques might either decrease or increase global catastrophic risk. They could decrease
global catastrophic risk if they prove
to be an effective tool to mitigate
catastrophic climate change.156 But
they could increase risk if they have
a high chance of causing a catastrophe of their own, or if they prove to
be ineffective while at the same time
leading countries to avoid emission
abatement (as discussed in Chapter
2).157
EMERGING TECHNOLOGY
The factors that impact the risks of
emerging technology are surrounded by a high degree of uncertainty.
However, one plausible risk factor is
misaligned incentives, which might
cause nation-states to engage in arms
races or under-regulate risky technology for economic reasons.158 The
speed and suddenness of technological breakthroughs could also be a
risk factor, as sudden breakthroughs
might leave inadequate time for social and political institutions to ad-
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The speed and suddenness of technological
breakthroughs could
also be a risk factor, as
sudden breakthroughs
might leave inadequate
time for social and political institutions to adjust
their risk management
mechanisms.

just their risk management mechanisms.159
Formal regulation of technology
has an unclear impact—in some cases it could prevent risky activities, but
in other cases it could stifle critical
innovation or, if implemented before
the issues are properly understood,
even increase risk.160 On the positive
side, technology developed in a culture of responsible innovation will
likely be safer.
For some of the emerging technological risks we may also hope to develop solutions. It may reduce risk to
make progress on developing safety
aspects of a technology faster relative
to progress on the technology itself.
For example having excellent diagnosis and treatment tools to contain
outbreaks before there is significant
risk from artificial pandemics could
reduce the total risk significantly.
Similarly, a solution to the problem
of aligning advanced AI with human
values before we are able to create advanced AI would reduce risk.161 The
proposal of aiming for safety-enhancing technologies ahead of risk-increasing technologies in order to reduce global catastrophic risk is called
‘differential technological development’.162

record, which might have brought
many exogenous risks to our attention already. The historical record
offers us little or no guidance on anthropogenic risks. They will often
be driven by social or technological
change, so a higher rate of change
could mean more currently unknown

UNKNOWN RISKS
It is of course impossible to provide
a detailed account of the drivers of
currently unknown risks. Unknown
risks could in principle include both
exogenous and anthropogenic risks.
We have access to a long historical
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risks in the future (although technological progress could also reduce
global catastrophic risk; see section
3.2.). Another important factor influencing these unknown risks is the
quality of our foresight work, since
the ability to plan for a risk could help
both avoidance and mitigation.
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3.2. Shared risk factors and
interactions between risks

S

o far we have mainly discussed
each risk in isolation. But the
global catastrophic risks share
numerous risk factors, and also interact with each other. In this section,
we discuss some salient examples of
shared risk factors - variables associated with an altered level of risk - and
interactions between risks.
One important shared risk factor is
governance. Good governance may
help timely and appropriate preparation and response to risks. By the
same token, bad governance, nationally or internationally, could increase
the likelihood and potential impact of
every risk. Lax oversight might lead
to the accidental release of a dangerous engineered pathogen from a laboratory. Dysfunctional governments
would be less able to intervene early
in an outbreak to prevent it becoming a pandemic. Poor international
coordination might radically worsen our prospects to avoid catastrophic climate change, and international tensions could increase the risk of
nuclear war. Bad governance could in
principle also lead to over-prioritising
catastrophic risk reduction, but because of the political distortions discussed in Chapter 4 we think this is
less likely.
While bad governance can cause
global catastrophes, the causality
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might also be reversed. A global catastrophe could lead to a breakdown
of social and political institutions,
which in turn could cause an outbreak
of violence. In a 2008 paper, Nel and
Righarts argued that even smaller natural disasters such as earthquakes,
tsunamis, and heat waves significantly increase the risk of violent civil conflict in the short and medium term,
especially in low- and middle-income
countries.163 Similarly, there has been
significant attention on the relationship between climate change and political conflict. Many scholars and security experts have argued that even
moderate climate change could increase the risk of political violence
because of conflicts over dwindling
natural resources (such as food and
water), massive international migration and a range of other factors.164
Greater disasters are likely to lead
to even more upheaval, and might
significantly weaken the defenses
against further catastrophic events. In
this way, one global catastrophe might
trigger another.
Another set of factors which affect
many global catastrophic risks is technological. Technological advances
change the system we live in by giving actors new powers. These in turn
could increase or decrease global catastrophic risk, even aside from cases
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Food stockpiles and the
ability to rapidly increase
production of alternate
sources of food would
increase resilience to a
broad range of risks.
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where the technology directly poses
risk. It is hard to fully predict the effects of technological trends, but we
will highlight three trends which may
be relevant: economic productivity
gains, surveillance, and distributed
manufacturing.
Global productivity has increased
dramatically in the last few decades.
Partly, this is because of technological
progress and organisational efficiency growth. Partly, it is due to automation, a form of technological progress
which we expect to continue.
This growth may help us reduce
risk because it lets us spend more on
prevention and resilience. Measures
like clean energy and food stockpiles
are costly, and more likely to receive
investment when people are wealthy.
In the tail case, with very powerful
artificial intelligence, there could be
a radical improvement in our ability
to manage other global catastrophic
risks. However, economic development may exacerbate some risks, at
least in the short term, for example
by increasing greenhouse gas emissions.
The global surveillance disclosures
by Edward Snowden and others revealed that state surveillance is now
extensive. In addition, the use of
CCTV is expanding, and police and
other law enforcement agencies are
making increasing use of cameras in
their day-to-day work.
Increased surveillance has the potential both to exacerbate and reduce global catastrophic risk. Extensive surveillance could make it easier
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for unscrupulous states to control
their citizens, which makes it easier for states to engage in extreme behaviour. It might also weaken trust
between states, which could cause
political tension. However, surveillance may make it more difficult for
malicious states or terrorist groups
to act in secret. This will become increasingly important as barriers to access destructive weapons fall. Surveillance between countries could even
facilitate international cooperation
by making the actions of states more
transparent. It is not clear what overall effect surveillance has on levels of
global catastrophic risk.
Distributed manufacturing is a set of
technologies that allow products to be
designed and built without centralised
factories. They offer many benefits,
and may increase resilience to catastrophe by spreading out production
capacity. However, they also bypass
some government controls designed
to prevent the construction of destructive weapons. 3D printing, an early
form of such technology, has already
generated security risks by allowing
people to create functional homemade
firearms. More powerful forms of distributed manufacturing could increase
risk caused by malicious actors, by increasing access to powerful weaponry
such as bioweapons.
Nuclear war, geo-engineering, super-volcanoes, asteroids, and comets all pose global catastrophic risk in
significant part because of the ‘particulate winter’ scenarios they might
produce. By ejecting large amounts

FIGURE 3.2. A WORKING GUN MADE FROM
PLASTIC ON A 3D PRINTER165

of smoke, dust, and/or sulphates into
the stratosphere they could cause
global cooling, sunlight loss, ozone
loss, and subsequent agricultural
disruption.166 Because so many risks
share this mechanism, many strat-
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egies for resilience that address one
risk address several. Food stockpiles
and the ability to rapidly incerase
production of alternate sources of
food would increase resilience to a
broad range of risks.167
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Chapter 4

Do institutions collectively
underinvest in global
catastrophic risk?

I

n Chapters 2 and 3 we gave an
overview of several global catastrophic risks, the main factors that affect their likelihood
and impact, and some of the
levers available to influence them. In
the first half of this chapter, we argue
that market and political distortions
mean that these risks are likely to be
systematically neglected by many actors. This increases the importance
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of attention to the risks, and suggests
some mechanisms for reducing risk
by countering the distortions.
In the second half of the chapter, we
examine the kinds of actors or institutions that may be well-placed to act
on global catastrophic risks, or have
a responsibility to do so. We look at
how they can help to correct the market and political failures we consider
in the first half.
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We should expect
global catastrophic risks
to systematically receive
less attention than they
merit.

Global Catastrophic Risks 2016

83

CHAPTER 4 – DO INSTITUTIONS COLLECTIVELY UNDERINVEST IN GLOBAL CATASTROPHIC RISK?

4.1. Market and
political failures

I

t may seem surprising that relatively little effort has gone into
global catastrophic risk mitigation. However, we should expect global catastrophic risks to systematically
receive less attention than they merit,
for structural reasons described below.

4.1.1. GLOBAL
PUBLIC GOODS

Global catastrophic risk reduction is
a global public good – the benefits of
reduction spill over to other countries
and it is hard (and arguably unethical) to only protect the countries that
contribute to risk reduction. Many
global public goods tend to be underprovided, primarily because countries try to free-ride.168 Every country
might hope that other countries invest in risk reduction, so they can get
protected for free. If everyone shares
this hope, no one will invest. To overcome this, there is a need for good coordination between actors.
In well-functioning states, national public goods, such as defence
and clean air,169 are provided despite
the difficulties of collective action.
Sometimes, central regulation supplies these goods, sometimes market mechanisms are employed, and
sometimes cooperative institutions
for supplying the goods emerge.170
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Supra-national institutions are generally weaker and international communities less cohesive, and therefore
are less able to implement these solutions to collective action problems.
Sometimes, such as with the World
Trade Organisation, nations do collectively give up some of their autonomy in order to provide a public good,
but this process requires a great deal
of negotiation and trust. Thus, institutions for aligning the incentives of
nation-states to provide global public
goods are typically less mature and
less effective than those that provide
national public goods.

4.1.2. INTERGENERATIONAL PUBLIC GOODS

Many of the benefits of global catastrophic risk reduction accrue to future generations. However, the interests of future generations tend to
be systematically neglected because
they cannot vote and have no direct
voice in the political process.171 For example, reducing the risk from catastrophic climate change may provide
only small benefits to many people
alive today, but could be very valuable to people who will exist in sixty
years’ time If we do not have formal
processes for taking the interests of
future generations into account, we
may under-invest in risk reduction.
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FIGURE 4.1. PREPAREDNESS IN THE AFRICA REGION
Multi-hazard national public health emergency preparedness & response plan in the African Region. 174

4.1.3. SPECIAL INTERESTS 4.1.4. UNPRECEDENTED
The costs of regulatory actions to reRISKS
duce global catastrophic risks will
typically be concentrated on particular industries, whereas the benefits are dispersed. The small affected
groups have strong incentives to lobby and campaign, while those gaining
the benefits will not regard those benefits as a voting priority. This means
that industry lobbying could wield
disproportionate power over the regulatory process.172 Consequently, the
trade-offs made between economic profit and risk reduction could be
skewed towards underprovision of
risk reduction.

Global catastrophic events occur very
infrequently. In the last two millennia, there may have only been two
such events – the Plague of Justinian
and the Black Death. Anthropogenic global catastrophes are completely unprecedented. Because unprecedented events are typically less
salient, it is less likely that governments and voters will pay appropriate attention to them, in spite of their
very high costs in expectation.173

Implementation status (%)
0-24
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50-74
75-100
Data not available
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Not applicable
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4.2. Which actors
can help reduce global
catastrophic risk?

T

here is a broad range of actors that can help us overcoming the current neglect of
global catastrophic risk. In this section, we give an overview of some
ways in which different groups,
ranging from the international community to individuals, can contribute to the mitigation of global catastrophic risks.

4.2.1. THE INTERNATIONAL COMMUNITY

As discussed in section 4.1, reduction of global catastrophic risk is a
global public good. This means that
the international community will
probably need to play a major role in
reducing global catastrophic risk. In
some cases, the global level of risk is
significantly dependent on the capabilities of the countries that are
the weakest links.175 For example, to
safeguard against the risk of a global
pandemic, the least prepared countries should be enabled to strengthen
their health systems.176 In other cases, the risk of a catastrophe is mainly
dependent on a few major actors. For
example, the nuclear-weapon states
have a disproportionate influence on
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the risk of nuclear war. International
coordination can aim to reduce the
risk of nuclear conflict between these
major actors.177
There have been many agreements
intended to reduce global catastrophic risk. Two of the more important
examples178 are the Treaty on the
Non-Proliferation of Nuclear Weapons179 and the 1992 United Nations
Framework Convention on Climate
Change, with its objective of preventing “dangerous” anthropogenic climate change.180 Similarly, there
are several permanent international bodies, such as the International
Atomic Energy Agency and the World
Health Organisation, which are (partly) concerned with reducing global
catastrophic risks (nuclear war181 and
pandemics, respectively). The international community often collaborates productively with relevant parts
of the academic community, as it did
when it set up the Intergovernmental Panel on Climate Change.182 Many
of the global catastrophic risks - not
least those associated with emerging technologies - require a deep level
of technical expertise to be properly
managed.
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4.2.2. NATION-STATES

Although the international community has a crucial role in the reduction of global catastrophic risk —
because this is a global public good
— much power currently resides in
the hands of nation-states. In practice, international bodies have limited power unless they are backed up
by nation-states (especially the more
powerful ones). This means that nation-states are essential to galvanising action. They also need to lead the
process of implementation. For instance, it is up to nation-states to see
that emissions actually are cut to the
extent required by the Paris agreement. Similarly, it is the responsibility of nuclear-weapon states to guard
against the possibility of accidental
launch.
Nation-states can also reform their
internal political processes in ways
that are conducive to reduction of
global catastrophic risks. Ensuring
that decisions take account of the interests of future generations is, for
instance, likely to lead to a more appropriate degree of focus on global catastrophic risk. Similarly, constraining the excessive power of
special interests could decrease distortions on decision-making and so in
turn reduce global catastrophic risk.

4.2.3. THE RESEARCH
COMMUNITY

Many of the global catastrophic risks
are not well-understood, and more
research would allow more appropriate decisions about when to act and
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how to respond. For instance, we
would benefit from more resources
devoted to the study of global catastrophic risks such as tail risk climate
change183 and particulate winter scenarios.184 We would also benefit from
more research on technical solutions
that could reduce global catastrophic risks, such as clean energy sources, or how to how to align the actions
of above-human-level AI with our
values.185 Since catastrophic risk reduction is a public good, it is unlikely that this research will be carried
out by companies under competitive
pressure. Instead, it will most likely
require public or charitable funding.
In fact, several academic institutions
that focus on global catastrophic risk
have already been set up through
public and philanthropic funds.
Among them are Oxford’s Future of
Humanity Institute and Cambridge’s
Centre for the Study of Existential
Risk.
Beyond this, the research community should contribute to global catastrophic risk reduction by promoting a culture of safety within areas of
research that could have the potential to cause a catastrophe through
accident or misuse. This is especially
relevant for emerging technologies,
where it is not always clear in advance
whether there are any risks.186

4.2.4. INDUSTRY

Competitive pressures mean that it
is often hard for companies to make
large moves on issues which do not
improve their profits. They can, how-
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ever, show leadership on reducing the
risk of catastrophic climate change
by choosing low carbon options at
the margin, or by developing clean
energy solutions. Just like the wider
research community, they can and
should promote a culture of safety in
biotechnology and AI research as, for
example, Google DeepMind has done
by setting up an AI ethics board.187

4.2.5. GENERAL PUBLIC

Some global catastrophic risks can be
addressed by individual action. For
instance, individuals can decrease
the risk of catastrophic climate
change (if by ever so little) by making low-carbon consumption choices. Perhaps the more promising route
to reduce global catastrophic risk for
individuals is, however, by exerting
political pressure on policymakers.
For instance, voters could try to influence politicians to agree to carbon
emissions cuts, and then to actually
implement the agreements once they
are in place.
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The research community
should contribute to
global catastrophic risk
reduction by promoting a
culture of safety within
areas of research that could
have the potential to cause
a catastrophe through
accident or misuse.

4.2.6. THE NON-PROFIT
SECTOR

The non-profit sector contributes significantly to global catastrophic risk
reduction. Non-profits are often less
constrained than companies and national governments, which means
that they are free to work on intergenerational global public goods such as
global catastrophic risk reduction -if they can find donors that support
that cause. There are many charities
working on individual global catastrophic risks. In recent years, donors
have been increasingly interested in
global catastrophic risk reduction as
a general category. This has led to the
creation of groups such as the Future
of Life Institute in Boston.
Besides supporting research, charities can also support direct interventions, e.g. to increase pandemic preparedness in developing countries.188
They can also exert political pressure,
as International Physicians for the
Prevention of Nuclear War did to reduce the risk of a nuclear exchange
during the cold war, winning the Nobel Peace Prize in 1985.189
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Our aim here is to
offer some starting
points for considering
action on risks of
global catastrophe
and to demonstrate that
there are real avenues to
making progress.

Chapter 5

What can the world
do to reduce global
catastrophic risk?

I

n Chapter 2, we looked at different global catastrophic risks
and their mechanisms. There
was also some preliminary discussion of actions available to
limit the risks. In Chapter 3 we explored the different factors which affect these risks. In Chapter 4 we considered why global catastrophic risk is
probably neglected, and how different actors can help with it. Finally in
this chapter we draw these strands
together and outline a few of the most
promising steps that existing communities can take or are already taking
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in order to reduce global catastrophic risk. Some of these steps pertain to
individual risks, whereas others are
cross-cutting opportunities which
may reduce the chance or impact of
several different risks at once.
Our aim here is to offer some starting points for considering action on
risks of global catastrophe and to
demonstrate that there are real avenues to making progress. For more
detailed discussion of the actions
available, there exists a rich literature
on most of the specific risks.
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CATASTROPHIC CLIMATE CHANGE
• Research communities should increase their focus on understanding the pathways to and likelihood
of catastrophic climate change, and
possible ways to respond.190
• Nations should continue to implement and improve mechanisms
for emissions abatement such as
carbon taxes or tradable emissions
quotas, as for non-catastrophic climate change.191
• Developed nations could commit
to the goal of building no new coalfired power stations without carbon
capture and sequestration.192

NUCLEAR WAR
• The international community
should continue the policy of nuclear non-proliferation, and nuclear states can continue to reduce
stockpiles.
• Nuclear-weapon states should
continue to work to reduce the
chance of accidental launch or
escalation.193
• Nuclear weapon states can adopt
military strategies that reduce the
chance of nuclear winter.194

NATURAL PANDEMICS
• The World Health Organisation,
nation states, and other bodies
should increase their planning for
extremely bad pandemics.195
• International and research communities could improve disease
surveillance, for example by reducing the delay between scientific
breakthrough and the availability
of diagnostic tools.
• The global health community
should improve developing world
capacity for response, for example
by ensuring that vaccine production facilities are well-distributed
around the world.196
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ASTEROIDS AND COMETS
• Research communities should continue working to detect and track
asteroids and commets with a diameter of 1 km or more.197
SUPERVOLCANIC ERUPTIONS
• Research communities should continue to work on understanding
their causes, to increase predictability.198
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BIOTECHNOLOGY
• Research communities should further investigate the possible risks
from emerging capabilities in biotechnology, and develop countermeasures.199
• Policymakers should continue to
work with researchers to understand
the biosafety and biosecurity issues
that are likely to arise, and build
planned adaptive risk regulation.200
ARTIFICIAL INTELLIGENCE
• Research communities should further investigate the possible risks
from artificial intelligence, and
work on developing possible solutions.201
• Policymakers can work with researchers to understand the implications of advanced artificial intelligence.
GEO-ENGINEERING
• The international community
should continue work to stabilise
and eventually reduce concentrations of greenhouse gases in the
atmosphere in order to reduce the
incentives to use solar radiation
management.
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• Research communities can further
investigate the potential impacts of
solar radiation management.202
UNKNOWN RISKS
• Research communities can continue to develop methods and tools
for horizon scanning and reduction of unknown unknowns.
• Research communities should
identify and carefully investigate
speculative threats.
CROSS-CUTTING OPPORTUNITIES
• Research communities should further investigate ‘particulate winter’
scenarios, both in forecasting and
mitigation strategies.203
• Nations and local communities can
continue to take steps to build their
resilience to catastrophe.204
• Research communities should focus greater attention on strategies
and technologies for resilience to
and recovery from global catastrophe, for example by developing alternate food sources.205
• Nations should work to incorporate
the interests of future generations
into their decision-making frameworks.206
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Research communities
should focus greater
attention on strategies
and technologies for
resilience to and
recovery from global
catastrophe, for example
by developing alternate
food sources.
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