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SUMMARY

The new UK government has initiated a Strategic Defence Review and is
undertaking a review of national resilience. Security threats resulting from
climate change should be at the core of the government’s approach. These
threats have been consistently and significantly underestimated and now
pose major security risks. The Covid-19 pandemic demonstrated that profound
national security threats can result from non-hostile action and not just from
malicious intent. This report shows how climate change poses both immediate
and long-term threats that are of similar or greater orders of magnitude.
These go beyond the traditional defence domain to encompass the full range
of human security concerns, including food, economic stability, public health,
nature, peacebuilding and geopolitics. We use this expansive definition of
security throughout the report.

Recent governments have not considered climate change a priority national
security issue. Climate-security threats are often thought to evolve over the
long term and to primarily arise from the first-order impacts of climate change,
like the health impacts of extreme heat. This view means that climate change
does not appear as critical and proximate as the other pressing security
challenges of the day. But it is being increasingly challenged by the spiraling
consequences of current levels of climate change. Dangerous security risks are
already apparent and are evolving non-linearly. These chaotic risks will escalate
further as warming breaches the Paris Agreement limit of 1.5°C in a matter of
years. The new government has an opportunity to take a different approach.

Climate-security threats are non-linear and are escalating, posing profound
challenges to national and international security. First-order impacts have
consequences that cascade and interact with other threats, creating a far
greater threat overall. Individually, these might be predictable and bearable;
together, they can create unexpected and severe security consequences.
Security threats can also emerge abruptly, caused by rapid changes in the
climate system. These include tipping points - moments when parts of the
climate system can no longer cope with the impacts of rising temperatures,
leading to abrupt change. Their triggering would lead to impacts that severely
disadvantage the UK and its strategic interests. We focussed on the threats
to security from cascading climate impacts, which already upend policymaker
preconceptions that the UK is relatively sheltered from severe risks. We

also focus on tipping points, which if triggered will have particularly acute
cascading impacts.

- Cascading climate impacts already threaten UK security, and will only
escalate. UK food security has recently been impacted in this way:
cascading climate effects are estimated to have caused a third of UK food
price inflation in recent years, an impact compounded by rising energy
prices. Into the future, the interaction between existing levels of climate
change and other non-malicious threats, such as nature loss and health
shocks, could cascade to create major consequences. A recent landmark
analysis found that the effects of these dynamics could be severe, with
declines in GDP of at least 6 per cent by the 2030s, and up to 12 per
cent in one scenario. These impacts are greater than experienced in the
2007/08 financial crisis and the Covid-19 pandemic respectively, and
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would have cascading impacts far beyond economic security, amplifying
the overall impact.

- Tipping points in the Atlantic Ocean’s circulation pose critical risks. The
collapse of the Atlantic Meridional Overturning Circulation (AMOC) would
profoundly destabilise national and global security. Collapse would effectively
wipe out crop growing in the UK and combined with other effects of climate
change, would cause catastrophic losses to key crops globally. The cascading
consequences for health, economic stability, political cohesion, trade and
geopolitics would be severe, creating unmanageable security outcomes.

A collapse this century cannot be ruled out without urgent international
action to reduce emissions. Meanwhile, the collapse of a component of the
AMOC - in the North Atlantic subpolar gyre (SPG) - could happen sooner and
be triggered at low levels of warming. While less severe, its impacts would
disrupt weather patterns in the UK and regionally, eroding security. Evidence
suggests that the likelihood of this ‘SPG collapse’ is unignorably high — up to
a 45 per cent chance of occurring this century and happening as early as 2040,
if not before.

Cascading risks and tipping points are not adequately considered in, or

are simply missing from, national security risk assessments and strategy.

This has led to significant underestimation of the climate threat. While the

UK has significant capabilities in climate governance, these risks are not
sufficiently integrated into national security decision-making. Critically, there
is no dedicated national security risk assessment of climate change, with the
government’s existing Climate Change Risk Assessment currently not designed
to assess national security threats in the round. Analytical flaws, such as
inadequate consideration of cascading and interacting risks, mean threats are
routinely underestimated. Decision-makers often misconstrue high impact
threats that are low- or uncertain-likelihood as meaning there is little to worry
about. Meanwhile, responsibility for climate risks currently sits in non-security
departments, marginalising climate change from the top table of national
security decision-making. Resilience planning is fragmented across government.

There are worrying similarities to the situation prior to the onset of Covid-19,
although climate threats pose even greater security challenges. The UK's
public inquiry into the pandemic has found that previous governments

had underestimated risks, focusing on a limited number of scenarios, and
failed to build sufficient preparedness. Similar mistakes are being made

with climate change. There is an inadequate focus on scenarios of cascading
threats, different climate futures, and extreme events, particularly tipping
points. These are evolving rapidly and challenge the perception that the

UK can ‘muddle through’ the consequences of climate change. The UK
appears more poorly prepared to handle major climate-security threats than
pandemics: it is not resilient to current climate conditions and cascading
risks, let alone future threats, including some of the most severe, such as SPG
collapse. Climate change is not just creating a series of worsening events;

it is creating a new era of complex and evolving challenges for all areas of
national and international security. Yet the UK does not have adequate early
warning systems for the complex threats it faces today, nor possible future
threats like SPG collapse. This stifles the ability to forecast and prepare.

A new footing is required: climate change should be a core part of national
security planning. National security is critically dependent on the resilience
of communities, globalised systems and nature, and not just on defence and
other traditional security matters. Even if tipping points are not triggered,
cascading climate-security threats are already pervasive and will escalate as
global temperatures continue to rise. It is therefore imperative to improve
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management of the complex risks experienced today, urgently addressing

the poor state of UK climate adaptation, and going further to generally build
resilience to a more volatile world and a broader range of threats, ensuring
the UK and wider world can stay on a path to a sustainable future. The

new government is well-positioned to do this. It should also be accepted

that decarbonisation policies - at home and abroad - play a major role in
determining UK security: limiting global temperature increases to 1.5°C with
minimal overshoot and restoring nature are critical to avoiding unmanageable
security outcomes. Leadership at the highest levels is needed to reorganise
government in response to these complex challenges.

Our central recommendation is that the government undertakes a rapid national
security risk assessment of climate change to establish a full picture of the security
consequences of climate change, identifying the most critical threats and choices
for improved risk management, and catering for a national security audience at

the highest level. Other countries have undertaken a similar exercise. It should
complement and connect existing risk assessment processes and pay particular
attention to cascading risks, including interactions with nature loss and other
systemic challenges. We propose several other ‘quick wins’, including the following.

»  Making the security implications of climate change a foundational element of
the Strategic Defence Review and the review of national resilience, signalling
that climate change, nature loss and related environmental risks have been
elevated to a core national security priority and are factors in the strategic
security decision-making at the highest levels across government.

»  Creating an independent Centre for Climate and Nature Security, a centre
of excellence with the purpose of improving the ability of the UK’s security
community to integrate an understanding of climate and nature threats
into routine assessments and decision-making. Priorities should include
providing routine usable climate information for security assessment and
planning, closing major knowledge gaps and developing early-warning
systems for priority threats.

« Acting on the UK Covid-19 Inquiry’s recommendations for rebooting UK
preparedness for and resilience to emergencies, including simplifying
structures, abolishing the lead department model, and undertaking
exercises of society-wide, climate-induced emergencies.

Cascading climate impacts and tipping points threaten national security 7



“The greatest risks of climate change arise when thresholds are
crossed: what had been gradual becomes sudden; what had been
inconvenient becomes intolerable.”

From a risk assessment of climate change led by Professor Sir David King,
former UK Government Scientific Advisor (King et al 2015)

“Hard geopolitical threats are treated [by the government] in a different
way... to ones which are seen as natural threats or hazards.”

Professor Sir Chris Whitty, UK Government Chief Medical Adviser (UK Covid-19
Inquiry 2023)

The UK faces a critical moment for its security. The new prime minister has
warned that “the post-war era is over, and a new age of insecurity has begun”
(Starmer 2024). Hostile threats are proliferating, ranging from military aggression
to hybrid attacks on critical infrastructure. But malicious action is not the only
driver of insecurity. Non-malicious threats also pose profound security risks.

This was made clear by the Covid-19 pandemic. The pandemic was an example
of a non-malicious threat so severe that it created what the government calls
a “whole-system civil emergency”, a crisis of saturating scale that significantly
affected multiple dimensions of national security. As such, the UK’s public
inquiry into the pandemic has concluded that non-malicious threats should be
treated in much the same way as those arising from hostile intent (UK Covid-19
Inquiry 2024).

Yet the inquiry found that this is currently not the case and that government
structures for planning and responding to whole-system civil emergencies “failed
their citizens” and that “fundamental reform” was needed (ibid). In response, the
new government is undertaking a review of national resilience (McFadden 2024).

It has also initiated a Strategic Defence Review, part of a wider commitment to
national security. In emphasising this commitment, ministers have often focussed
on threats posed by escalating conflict, the development of Al and misinformation.
But there has been less attention on another critical threat to the UK’s national
security: climate change.

This report shows that climate change should be considered a priority national
security issue and sit at the heart of the new government’s reconsideration of
the UK’s security and resilience. In doing so, we use an expansive definition of
security - ‘human security’ — which encompasses the full range of factors that
determine a secure and dignified life (Loft and Carver 2022). These include the
security of the systems that provide societies with adequate water, nutritious
food, economic opportunity, political stability, healthcare, fundamental rights
and so on - and not just security against hostile threats. All these systems were
impacted by the pandemic and as we will show, they are being impacted by the
consequences of climate change.

We start by considering how the government conceives of the security threats
coming from climate change. We call these ‘climate-security’ threats for short
and in sections two and three, explore how they pose profound challenges to UK
national security. In section four, we consider how previous governments have
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assessed and managed these threats. We finish by making recommendations for
improving security. While the UK is the primary focus, our findings are relevant to a
range of contexts across the world.

1.1 FIRST-ORDER CONSEQUENCES, GRADUALLY EVOLVING

We wanted to understand how the UK government conceives of climate-security
threats and how they might develop in the coming years. To do so, we undertook 50
interviews with government personnel and experts, and reviewed assessments and
policies relating to climate-security threats. These occurred before the election of
the new government.

We found that climate-security threats are considered to be significant, impacting
many aspects of security. For example, climate impacts have been described as
posing, variously, one of the biggest risks to UK food security (Defra 2021) and
nature (IPBES 2019), a potential ‘catastrophic risk’ to the public finances (OBR
2021), and presenting risks to critical national infrastructure that constitute a
“major threat to the UK’s national security and prosperity” (JCNSS 2022).

The causes of climate change - fossil fuels — are also recognised to impact
security. This was brought into stark relief by Russia’s invasion of Ukraine,
which affected gas supplies, causing a spike in energy prices more generally
and a subsequent deterioration in energy security. The UK was one of Europe’s
worst affected countries due to an over-reliance on gas - which was used to
heat 85 per cent of homes and generate around 40 per cent of electricity (Ari
2022, Evans 2022) - and its exposure to international energy markets. In turn,
there is a recognition that climate change has consequences for defence, acting
as a “multiplier of other global threats” (HMG 2023b), like how a melting Arctic
is disrupting the geopolitical balance in the High North (House of Lords 2023).

Across these areas, we found that conceptions of climate-security threats
predominantly focus on the following.

1. First-order impacts. Climate-security threats are often conceived of as the
direct consequence of a climate hazard. These hazards can either be chronic
- ‘slow-burn’ problems, like sea-level rises causing coastal erosion - or
acute, encompassing sudden, ‘event-driven’ shocks, like extreme heat. They
have direct, first-order impacts on security, such as when record summertime
temperatures in 2022 impacted health security, contributing to an estimated
4,507 excess deaths - a record high (ONS 2023, UKHSA 2023). A predominant
focus on first-order impacts is common in many governments globally
(Townend et al 2023).

2. Steady evolution. Climate change is often considered to evolve gradually, a
steady process that creates a worsening stream of first-order impacts, whether
chronic or acute, with increasingly problematic consequences for security.

This means that, while significant and important, the overall threat to security
from climate change is often considered a gradual, long-term problem. This view
was set out in previous governments’ Integrated Reviews and registers of national
threats, which describe climate change as one of a set of ‘enduring challenges
that gradually erode elements of our economy, society, way of life and/or national
security’, alongside artificial intelligence, antimicrobial resistance, and organised
crime (HMG 2023a, HMG 2023b).

This view can mean that climate change does not appear to be a priority national
security issue: the gradual worsening of first-order climate impacts does not seem
as critical and proximate as the other pressing security challenges of today, like
Russian aggression, cyber-attacks on critical infrastructure, or misinformation.

Cascading climate impacts and tipping points threaten national security 9



This view has led previous governments to remove climate change from the
national security risk assessment process, with the promise of a different process
for considering longer-term threats (HMG 2023a). While the government’s publicly-
available register for national threats does recognise individual climate hazards

- such as extreme heat, wildfires, and floods - the overall evolution of climate
change and its consequences for national security no longer feature alongside
other large-scale non-hostile threats, like pandemics (ibid).
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Climate-security threats do not just result from first-order impacts and the gradual
evolution of climate change. First-order impacts have knock-on consequences,
with their destabilising effects cascading through society’s interconnected systems,
interacting with and exacerbating other problems (Townend et al 2023). Meanwhile,
major changes in the climate system can occur abruptly, leading to a far quicker
evolution of security threats (Lenton et al 2023). Recent lived experience and

improvements in analysis have confirmed this. We explore cascading impacts and
abrupt change in turn.

2.1 BEYOND FIRST-ORDER IMPACTS

FIGURE 2.1: AS SECURITY IMPACTS CASCADE, THEY CREATE THREATS GREATER THAN THE
SUM OF INDIVIDUAL PARTS

Summary graphic to illustrate the impact of cascading risks: the interacting and additive
effects of events on wider social and economic systems

e ~e 8

. N
’ .
’

>

&
2,
%
A1
Y
Vo
VS
A
5

0,
.

Environmental v
Degradation
Growing Income
CURRENT CONTEXT Population Inequality
Capacity to absorb negative
events is heing reduced slowly
(e.g. population growth pushing
the limits of agricultural
technology)

- A

Agricultural v
Global v
Technical Limits yyg i Y
%,
P

[

v *‘/aticnsand
Droughts  International Trade 7o

Complexity

Heat- S
eat-waves Losot
Market Biodiversity
Speculation

BUILDING STRESSORS

Crop Vulnerability

Market Volatility

Displacement i
Crop Failure
SUDDEN AND GRADUAL
TIPPING POINTS

Water Conflict Price Spikes
An event of great magnitude or
multiple failures at the same
time could suddenly exceed all
remaining capacity

Food Insecurity

Currency »
Destabilization Political
Destabilization

SYSTEMIC FAILURE Migration Food Riots

War
Civil Unrest

Source: Reproduced from UNDRR, Global Assessment Report on Disaster Risk Reduction (UNDRR 2019)

It is common for security threats to spread beyond their original impact and
interact with other threats, creating a greater threat overall. These dynamics
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were on full display during the recent pandemic and the subsequent inflationary
shock. As the UK Covid-19 Inquiry has warned: “Multiple emergencies may interact
with each other to produce a worse aggregate emergency than if they occurred
individually. A single emergency may create a domino effect in which, when one
thing goes wrong, other things go wrong as well” (UK Covid-19 Inquiry 2024). This
dynamic is illustrated in figure 2.1.

This is also the case with climate-security threats (Challinor and Benton 2021). First-
order impacts cascade, leading to multiple additional orders of impact. These can
occur domestically or come from abroad, transmitted through globalised systems
and across borders. Cascading impacts are always concurrent with other problems
and therefore inevitably interact. These interactions have compound impacts,
creating an overall threat to security that is greater than the sum of individual
parts. For simplicity, we describe these dynamics collectively as creating ‘cascading’
impacts on security, distinguishing them from the conception of climate-security
threats as largely resulting from the first-order consequences of climate impacts.

211 CASCADING SECURITY IMPACTS ARE ALREADY SIGNIFICANT TODAY
Recent impacts on UK food security illustrate these dynamics. Climate change is
causing heavier rainfall in the UK (Kew et al 2024), helping drive unprecedented wet
conditions across the 2023/24 growing season, which damaged crops and delayed
planting, leading to a deterioration in the UK’s food self-sufficiency (ECIU 2024).
These impacts occurred concurrently with extreme weather events that damaged
crops in countries the UK relies on for food imports, curtailing supply. Meanwhile,
energy and other input prices rapidly increased as fossil fuel markets were
impacted by Russia’s invasion of Ukraine (DEFRA 2024). Together, impacts on food
supply and higher energy prices are estimated to have increased household food
bills by an average of £605 between 2022 and 2023, with extreme weather alone
causing an estimated one third of food price inflation (Butler 2023, ECIU 2024).

A recent assessment of cascading threats to the UK coming from abroad has
warned that these threats are “greater than previously assessed” (Challinor and
Benton 2021). They include threats to food security, violent conflict, international
law and governance, and public health. Two factors have contributed to the
worsening context: “greater evidence of climate change acting as an amplifier

of existing risk; and greater evidence of geopolitical and socio-economic
background conditions that are more favourable to risk transmission and
amplification” (ibid).

2.1.2 CASCADING SECURITY IMPACTS WILL ESCALATE INTO THE

NEAR FUTURE

Cascading climate-security threats are expected to escalate in the coming years,
with complex and unpredictable security consequences (Townend et al 2023).
These have been highlighted by a recent landmark study that considered how
worsening climate extremes might interact with other non-malicious threats,
causing cascading impacts that add up to create an overall threat greater than
the sum of individual parts (Ranger et al 2024). The study explored a range of
scenarios in which climate shocks interacted with the consequences of nature
degradation — another major problem for the UK — and complex health risks, like
antimicrobial resistance and pandemics.

The analysis found that the effects of these cascading and compounding dynamics
could be severe, with declines in UK GDP of at least six per cent by the 2030s,

and up to 12 per cent in one scenario. These economic impacts are greater than
experienced in the 2007/08 financial crisis and the Covid-19 pandemic respectively.
While the primary focus of the study was on financial effects of nature degradation,
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these can be taken as a proxy for the wider security consequences across other
domains, with the authors pointing to further cascading and compounding impacts
on health, unemployment, public finances, trade, civil unrest, public services, and
critical infrastructure.

The analysis found that around half of the impacts cascaded from overseas
through supply chains and financial exposures. It was also estimated that the
compounding effects of environmental degradation and climate shocks at least
doubles the impacts of climate change, showing the severe additive effects that
emerge from the interaction of related but distinct environmental challenges.
Individually, these threats and vulnerabilities might be knowable and bearable.
Together, they could create security consequences that are unexpected and far
more severe.

Crucially, the authors warn that “These impacts are near and present”, resulting
from the collective effect of existing threats and current vulnerabilities within
UK systems, not the emergence of new problems. The authors also stress that
due to the complexity of how concurrent risks cascade and compound, their
scenarios should be considered as “very conservative, in that while they go
further than other studies in capturing complex risks, inevitably they do not
capture all possible outcomes”.

Another example of a pressing cascading threat relates to the growing
possibility that concurrent extreme weather events could lead to synchronous
crop failure in breadbaskets across the world (Gaupp et al 2020, Hasegawa et
al 2022). The possibilities for multiple breadbasket failure increase markedly
over 1.5°C of global warming (Guapp et al 2019) and, in the case of maize,

are estimated to be around 50 per cent by the 2040s (Quiggin et al 2021). The
likelihood might be higher, with evidence showing that synchronous impacts
have been underestimated in climate and crop model projections (Kornhuber et
al 2023). As recent food shocks have shown, synchronous failures would lead to
severe cascading impacts on global food security, with knock-on consequences
for economic stability, political cohesion and geopolitics, among many other
areas of human security.

2.2 ABRUPT CHANGE: TIPPING POINTS

In recent years, the evolution of climate impacts and their consequences for
security have not appeared gradual. Climate shocks are hitting at the most severe
and soonest end of the possibilities anticipated by climate scientists (IPCC 2022).
Meanwhile, it has long been established that changes in the climate system can
evolve abruptly, not just gradually (ibid, Ripple et al 2023a). Climate tipping points
are a key example. These are moments when the effects of rising temperatures
become so severe that large parts of the climate system are unable to maintain
their current state, leading to abrupt and/or irreversible changes.

Think about leaning back on a chair until it suddenly falls backwards. That
moment is the tipping point. Your previous state - balancing precariously - has
been replaced by a new state: lying on the floor. Components of the climate
system can experience a similar dynamic, ‘falling over’ at varying speeds
depending on the system in question. Some, like the collapse of ice sheets,
could play out over centuries. Others, including the tipping points we explore
below, can play out over a matter of years: timescales with direct relevance to
security decision-making.

Previously, it was thought that tipping points were only likely at global temperature
rises above 4°C. However, it is now clear that a significant risk is already apparent
at current temperature rises and will increase markedly above 1.5°C (Armstrong
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McKay et al 2022). A recent global review described the impacts of tipping points
as potentially ‘catastrophic’, constituting a threat of a “magnitude never faced by
humanity” (Lenton et al 2023).

This is the case for the UK specifically, with a range of tipping points posing
significant risks to its security (Laybourn et al 2024). These include tipping
points in the complex circulation patterns that exist in the Atlantic Ocean,
which are illustrated in figure 2.2. Ocean circulations are movements of water,
akin to the currents you might feel while swimming in the sea but on a planet-
spanning scale. They play a key role in the climate system, moving heat, carbon
and water around the world.

FIGURE 2.2: ATLANTIC OCEAN CIRCULATIONS ARE CRITICAL TO UK SECURITY BECAUSE
THEY HELP MAINTAIN A STABLE CLIMATE

Surface currents (coloured orange) are connected to deep ocean currents (blue) through
locations where dense (cold and salty) water sinks, driving the overturning circulation (pink).
The AMOC constitutes the whole circulation, while the SPG is a subset of this system that is
located south of Greenland.
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Two potential tipping points have been identified in the North Atlantic circulations:
the collapse of the Atlantic Meridional Overturning Circulation (AMOC) and the
breakdown of deep convection in the North Atlantic subpolar gyre (SPG). These are
referred to as AMOC collapse and SPG collapse, respectively.

Large-scale changes in these circulations could have profound security
consequences that fall severely and disproportionately on the UK. This is
because the circulations play a key role in regulating the UK's climate. We look
at AMOC collapse and SPG collapse in turn. As we will see, the former could
impose unmanageable security outcomes and must be avoided. While the latter
might be less disruptive, there is evidence to suggest it could occur within the
next two decades, and so its impacts might have to be managed.
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2.21 AMOC COLLAPSE WOULD IMPOSE UNMANAGEABLE SECURITY
OUTCOMES AND MUST BE AVOIDED

The AMOC acts like a “great conveyor belt”, a circulation that carries warm

and salty surface waters from the tropics northwards, where heat is released.
Afterwards, the water becomes colder and denser through a process called ‘deep
convection’, forming ‘deep water’, which sinks and heads southwards at depth
in the ocean (figure 2.2). Deep convection occurs in two main locations: the
Greenland-Iceland-Norwegian Seas region north of Iceland, and the Labrador
and Irminger Seas south and west of Greenland. This process and the resulting
overturning circulation help maintain a mild climate in the UK - most notably in
winter - and are critical to the wider climate system.

Climate change is weakening the circulation, with higher sea temperatures and
fresh polar meltwater disrupting the process of deep water formation (IPCC 2021).
Evidence suggests the AMOC is at its weakest in over 1,000 years (Caesar et al
2021). Severe weakening can lead it to pass a tipping point, completely shutting
down (Armstrong MacKay et al 2022). This has happened in the past. A shutdown
or ‘collapse’ of the AMOC would lead to a profound reorganisation of the global
ocean circulation, with major impacts on the climate system (Lenton et al 2023).

After the tipping point is passed, it could take as little as a few decades for the
collapse to play out, after which a new climatic state would exist (Armstrong
McKay et al 2022). During those few decades, much faster changes in atmospheric
circulation and weather patterns could occur in response to the changing ocean
circulation. This change could be irreversible on security-relevant timescales.

In the post-collapse state, the UK’s weather patterns would be significantly
different, bringing extreme conditions that are far beyond those to which people,
infrastructure and nature are currently adapted. For example, one study has
projected that average temperatures in London could be up to 10°C lower, with
even colder conditions further north (Van Westen et al 2024). While significant
knowledge gaps exist in understanding the impacts of AMOC collapse, evidence
suggests the consequences for UK security could be severe or even unmanageable.

For example, one study has estimated that the effects on domestic food
production are “likely to include widespread cessation of arable farming” in
Britain, as illustrated in figure 2.3 (Ritchie et al 2020). Crops provide over two
thirds of the UK population’s calories, so the loss of domestic crop growing would
profoundly damage the UK’s food supply (EFRA 2023). The destruction of domestic
crop growing would result from severe reductions in water availability as well as
the fall in temperatures, causing wide-spread water security issues. The change

in weather conditions would also severely impact health, infrastructure and
economic activity. They would be disastrous for nature, triggering further knock-
on threats, including further erosion of remaining UK food production.

Security threats would also cascade from abroad, compounding domestic
impacts. For example, an OECD study found that the combined effects of an
AMOC collapse at 2.5°C of global warming could reduce the percentage of
global land suitable for growing wheat and maize by over a half, compared
with a world without climate change (OECD 2021). This includes severe
reductions in key UK food import markets such as Europe, as illustrated in
figure 2.4. These crops are critical to global food systems. Collapse would
also disrupt the African, American and Asian monsoons, with further adverse
consequences for agriculture and ecosystems (Lenton et al 2023).
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FIGURE 2.3: AMOC COLLAPSE WOULD CAUSE PROFOUND DAMAGE TO UK FOOD SUPPLY
Impact on land use in the UK from an AMOC collapse. The maps show the fraction of land
used for arable farming, with a greater share illustrated by a deeper shade of yellow/brown.
The left-hand map shows land use in 2020. The right-hand map shows land use after an AMOC
collapse and without compensatory irrigation.

Source: adapted from Ritchie et al 2020

FIGURE 2.4: AMOC COLLAPSE WOULD HAVE A CATASTROPHIC IMPACT ON GLOBAL
FOOD SECURITY

Percentage difference in crop suitability between no AMOC collapse (present day) and
the effects of AMOC collapse plus 2.5°C of global warming. Decreases in suitability are
represented with red shading, increases with blue.

Wheat AMOC off + Warming Maize AMOC off + Warming

Source: Redrawn from OECD 2021.
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Together, these potential consequences have led the OECD to warn that “an AMOC
collapse would clearly pose a critical challenge to food security, and combined
with other climate impacts would have a catastrophic impact” (OECD 2022). As
with the domestic impact, the global impacts of an AMOC collapse would go
beyond agriculture to include severe damage to other systems. In turn, these
effects would interact, creating further systemic consequences, and multiplying
and spreading the destabilisation. These cascading impacts would occur on
timeframes that present severe challenges to the ability of people, communities
and key systems to adapt (ibid).

The likelihood of an AMOC collapse is highly uncertain (IPCC 2021), with the
estimated global temperature rise that could trigger a collapse ranging from
1.4°C to 8°C (Armstrong McKay et al 2022). But uncertainty does not offer
reassurance. IPCC assessments consistently show that a collapse cannot be
ruled out this century, with the most recent assessment noting that it only
has ‘medium confidence that the decline [of the AMOC] will not involve an
abrupt collapse before 2100’ (Fox-Kemper et al 2021).

Several subsequent studies have identified evidence suggesting that the AMOC

is approaching a tipping point (Boers 2021, Michel et al 2022). Some papers have
now warned of an “early warning signal show[ing] that AMOC is on [a] tipping
course” and that collapse might even start as early as the middle of the century,
if not before (Van Westen et al 2024, Boers 2021, Ditlevsen and Ditlevsen 2023,
Smolders et al 2024). There is also concern that climate models used to predict
the possibilities of AMOC collapse underestimate its likelihood (Fox-Kemper et al
2021). This is because the simulated behaviour of the AMOC in these models might
be more stable than is the case (Liu et al 2017, Mecking et al 2017) and be missing
crucial destabilising processes (Swingedouw et al 2022).

Despite recognising that AMOC collapse is possible (Slingo 2021), the independent
input into the latest UK Climate Change Risk Assessment gave no indication of
what the government should do to understand the risk in more detail, or what
adaptation action might be required (CCC 2021a).

2.2.2 SPG COLLAPSE COULD OCCUR IN THE COMING YEARS AND PROVE
HIGHLY DISRUPTIVE

The North Atlantic subpolar gyre (SPG) is a large, anticlockwise horizontal
circulation of waters located in the northernmost Atlantic. It is a crucial
component of the overall AMOC, playing a pivotal role in drawing surface
waters - and therefore heat — northwards. This means that the SPG is
important to determining the strength of the overall AMOC (Berglund et al
2022). The heat movement also affects the path and flow of the polar jet
stream, an atmospheric current of air moving west to east. So altogether, the
SPG plays an important role in determining the UK’'s weather patterns.

Rising global temperatures are melting Arctic ice and increasing regional
precipitation, causing more freshwater to enter the SPG. This reduces the
salinity — and therefore density — of the surface water. Consequently, the
sinking process (deep convection) is weakening. This effect has become so
pronounced that scientific studies have warned that deep convection could
pass a tipping point and collapse (Drijfhout et al 2015; Sgubin et al 2017;
Swingedouw et al 2021). This would abruptly weaken the SPG, an outcome
scientists call ‘SPG collapse’. A recent global review identified SPG collapse
as one of five tipping points at risk of being triggered under current levels of
global warming (Lenton et al 2023).
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SPG collapse can occur independently of AMOC collapse. Collapse could play out
over as little as a decade, if not a matter of years, creating a post-collapse state on
far shorter timescales than for AMOC collapse (Armstrong McKay et al 2022). SPG
collapse would also be hard to reverse.

An SPG collapse would impact the UK’s weather patterns, as well as those in
Europe and North America, with its effects being similar but less severe and
widespread than AMOC collapse (Lenton et al 2023). For example, SPG collapse
could cause a localised reduction in temperature across the North Atlantic region
of around 3°C, as the northward movement of heat is weakened (Sgubin et al
2019, Armstrong McKay et al 2022).

A shift of this size would be dangerously disruptive. It may have happened in the
past: SPG collapse has been proposed as an explanation for the beginning of

the Little Ice Age, a period of colder conditions in Europe during the 16th to 19th
centuries (Lehner et al 2013; Michel et al 2022), which had profound consequences
for the stability of societies (Parker 2013). SPG collapse could also disrupt the jet
stream, creating more extreme weather, and trigger a collapse of the west African
monsoon (Osman et al 2021; Sgubin et al 2017; Swingedouw et al 2021).

There are even fewer studies exploring the security consequences of SPG collapse
than for AMOC collapse. So, we undertook a rapid ‘what-if’ scenario analysis of
the consequences of SPG collapse. In this scenario, collapse occurred by 2040

at around 2°C of global warming, a plausible scenario that emerges in climate
models.! Our analysis looked at the conditions that might become possible in the
post-collapse state. These include the combined effects of both the collapse and
ongoing climate change. Our analysis is a rapid snapshot to identify some idea of
the security impacts: there is an urgent need for deeper analysis of the security
impacts of SPG collapse.

Our analysis found that in this scenario the UK would experience colder
conditions than currently anticipated, most notably in winter. This is because
of the SPG’s role in the movement of heat northwards from the tropics and the
redistribution of heat in the ocean water column. Counterintuitively, collapse
might also lead to more heat waves in summers than currently expected from
worsening climate change. This is because of the disruptive impact on wider
weather patterns (Duchez et al 2016, Mecking et al 2019).

In our scenario, extreme winters like that experienced in 1962/63 are estimated to
occur as often as once every 20 years, five times more frequently than is currently
the case. The cold extremes of 1962/63 led to nearly 90,000 excess deaths (ONS
2013) and considerable damage to farming, economic activity, energy and heating
systems (De Castella 2012, McCaskill and Hudson 2006), and nature, including losses
of some bird species of over 80 per cent (Butler 2010).

One consequence of colder conditions is that greater reductions in growing
season length become possible compared to those that are possible today.
Growing season length is the period across the year during which temperatures
are high enough for plant growth. The current UK average is about 300 days (HMG
2022b) and it can be impacted by variable weather conditions, leading to extreme
reductions in a bad year.

In our scenario of SPG collapse, the maximum possible reduction would be made
even worse. The following additional reductions are estimated to occur once
every 20 years: up to 20 days a year across Wales and southern England, up to

40 days in Scotland, and up to 60 days in the East Midlands and Yorkshire and
the Humber, areas with some of the UK's highest-quality agricultural land. These

1 A methodology and discussion of the results can be found in the appendix.
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results are illustrated in figure 2.5. The average growing season length in the UK is
extending due to global warming. This trend could be reversed post-collapse, with
consequences for domestic food production. Reductions would also damage nature
and, along with other impacts, could push parts of the natural environment beyond
their intrinsic ability to adapt, leading to widespread losses.

In general, the pace at which the harsher post-collapse conditions could be
imposed - within a decade - would pose significant challenges to the social,
economic, political, technological and environmental systems upon which the
UK'’s security and stability relies. These challenges would create inter-systemic
effects that would interact with multiple other security threats.

One example is misinformation, which is common during periods of instability
on a large scale, such as the Covid-19 pandemic (WHO 2022). This could affect
shared understanding of SPG collapse across society, impacting the ability of
the government and communities to adequately respond. It is a complex issue:
collapse is caused by climate change, which is making the world hotter, but could
create cold threats —a counterintuitive outcome. Meanwhile, the pace of change
might be damagingly fast for infrastructure and food production, but ten years

is a long timescale in terms of news and information cycles, as well as politics.
These and many other problems will pose complex security challenges.

FIGURE 2.5: IN OUR SCENARIO OF SPG COLLAPSE, REDUCED GROWING SEASON LENGTHS
BECOME POSSIBLE OVER MAJOR UK GOOD GROWING AREAS

Modelling results comparing changes in minimum growing season length (GSL) of post- and
pre-SPG collapse in our SPG collapse scenario, mapped over crop growing locations, with
darker shading representing larger reductions in GSL.
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Source: Authors’ calculations and mapping using Potapov et al, ‘Global maps of cropland extent and
change show accelerated cropland expansion in the twenty-first century’, Nature Food (Potapov et al
2021) and World Bank, ‘World Bank Official Boundaries’ (World Bank 2023).

As in the case of AMOC collapse, security threats would also cascade from
abroad, compounding domestic impacts. For example, in our scenario,
additional maximum reductions in growing season length between 20 and
40 days are estimated to become possible over major food growing regions
globally, as illustrated in figure 2.6. The effects in the US, where a fall of this
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magnitude would adversely impact maize (corn) growing, are particularly
concerning. We undertook a high level analysis of the impacts. Falls of this
magnitude could make the harvest unviable in Nebraska and parts of Minnesota
and Illinois, and threaten the viability of high-yielding maize varieties across
much of lowa. These states account for over half of US maize (Cook 2023), so
more analysis is urgently needed.

Domestic and international impacts would have cascading effects, in much

the same way as recent food security shocks have compounded problems

of poverty, political instability, and forced migration (WFP 2023; Arezki and
Bruckner 2011; Sova et al 2023). The UK is particularly exposed to shocks to
food production that occur in Europe and simultaneously in other places
around the world. This is because the country is heavily dependent on trade,
importing 47 per cent of fresh vegetables and 84 per cent of fresh fruit in 2022,
overwhelmingly from the EU (Defra 2023). Internationally, countries would be
handling the impacts on global food systems, as well as the other domestic
and international consequences of the post-collapse reality. This would impact
international relations, driving further global destabilisation.

The UK would be strategically disadvantaged, experiencing the brunt of the
impacts of SPG collapse due to its geographical proximity, and having to
navigate an international context that is already unstable and would be made
more so by the consequences of collapse. In turn, the dynamics would impact
security at home. Indeed, a recent study concluded that trade restrictions
leading to food distribution problems are a likely cause of civil unrest in the
UK even without an SPG collapse and on similar timescales (Jones et al 2023).

FIGURE 2.6: IN OUR SCENARIO OF SPG COLLAPSE, REDUCED GROWING SEASON LENGTHS
BECOME POSSIBLE IN KEY BREADBASKETS

Modelling results comparing minimum growing season length (GSL) in pre- and post-collapse
in our SPG collapse scenario, mapped over crop growing locations (in green), with darker
shading representing larger reductions in GSL.
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Evidence suggests that SPG collapse could occur sooner than AMOC collapse -
1.8°C being the estimated global temperature rise that could trigger SPG collapse,
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with a range of 1.1°C—3.8°C (Armstrong McKay et al 2022). Using models that are
best at simulating the SPG’s complex behaviour, the chance of collapse this century
is estimated at between 36 and 45 per cent (Sgubin et al 2017; Swingedouw et al
2021). This could happen sooner rather than later, with collapse occurring as early
as the 2040s in some models (Lenton et al 2023).

Using another method as part of our SPG collapse scenario, we estimate that there
is around a one-in-five (20 per cent) chance that the global temperature rise has
reached the threshold that might trigger SPG collapse.? This rises to about 50 per
cent (even odds) in around 2043. Even in scenarios of rapid emissions reductions,
collapse still occurs in some models.

As with any estimates of the probability that a climate tipping point could

be triggered, there is a high degree of uncertainty over the likelihood of

SPG collapse. But this uncertainty should not be interpreted as a reason

to discount the potential threat. There is now a range of evidence to

suggest that even at the present stage of climate change, the SPG appears
destabilised with potential for tipping (Lenton et al 2023). Indeed, the
probabilities could be higher. For example, as with AMOC collapse, models
may over-estimate the stability of the SPG (Ditlevsen and Ditlevsen 2023;
Drijfhout et al 2015; Swingedouw et al 2022), and so could be underestimating
the risk of SPG collapse.

Furthermore, neither the UK nor any other nation currently has decision-useful
early warning systems for SPG collapse or other tipping points. This means that the
UK is ‘flying blind’ into the threat. Due to the speed at which SPG collapse could
play out, it is critical to have early warning to support rapid adaptation efforts if
collapse were to occur. Indeed, it is plausible that SPG collapse might already have
happened. We would only know because its effects would start to be felt. This is a
dangerous blind spot.

2 A methodology and discussion of the results can be found in the appendix.
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The evidence presented in the previous sections shows it is imperative to recognise
cascading impacts and tipping points when assessing climate-security threats.

The failure to adequately do so means that the overall threat to security posed by
climate change has been significantly under-appreciated.

Significant cascading impacts are already being experienced and there

is a growing likelihood that tipping points are triggered or that multiple
breadbaskets experience synchronous failures. These possibilities show how
the UK and wider world are already carrying significant amounts of climate
risk — far greater than generally appreciated - and that this risk is still largely
unrealised. In many ways, it might be sheer luck that some of these threats
have not yet manifested themselves.

The risks will only grow. The rapid evolution of climate threats is occurring at the
current average global temperature rise of around 1.3°C. The failure to sufficiently
reduce global greenhouse gas emissions means that this rise is expected to exceed
1.5°C - the high ambition global goal for limiting climate change - within the next
10 years or less (Hausfather 2024a). The less ambitious goal of limiting global
warming to below 2°C could be lost soon after.

The risks associated with overshooting these goals will still be borne even if
temperatures are subsequently brought back to below 2°C or 1.5°C (Méller et al
2024). Meanwhile, there is increasing evidence of an acceleration in the rate of
warming over the last 15 years, and growing concern and debate among scientists
of further acceleration (Hausfather 2024b), raising the prospect of an even faster
evolution of climate-security threats.

3.1 MISCONCEPTIONS OF CLIMATE-SECURITY

A fuller understanding of the climate-security threat context should dispel
some preconceptions that we observed through our interviews and in
government documents.

1. The UK s not as ‘sheltered’ as is often assumed. There is a presumption
that the country is sheltered from the more severe security impacts of
climate change. In many ways, this is correct. Global South countries
are disproportionately exposed and vulnerable to current impacts and
future risks. Yet the UK presumption is cast into doubt when considering
how cascading impacts are already manifesting, and that these dynamics
are likely to escalate rapidly and severely into the future. Moreover,
the potential collapse of Atlantic circulation patterns shows that the
UK is exposed to major, potentially unmanageable security threats. The
disproportionate impact on the UK from these tipping points would
profoundly impact its interests and put it at a strategic disadvantage
relative to other nations. In all, it is clear that the UK is not relatively
‘safe’ from severe climate risks.

2. Climate-security threats are not just a long-term problem. Threats are
often seen as becoming most significant in the longer term. Yet cascading
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impacts are already significant and will continue to interact and exacerbate
the rapidly evolving and challenging security context at home and

abroad. Meanwhile, evidence suggests that SPG collapse and synchronous
breadbasket failures could happen sooner rather than later, and that their
possibilities might be underestimated.

Security impacts might not be manageable. As climate-security threats

are often seen as resulting from first-order climate impacts, their
consequences can appear manageable. But together they could create an
overall threat that becomes difficult to contain effectively. These include
significant implications for government finances, with the OBR anticipating
significant increases in public debt resulting from the government having
to respond to worsening climate impacts (OBR 2021). Meanwhile, the best
available information on tipping points profoundly challenges the view of
manageability. AMOC collapse in particular would create an unprecedented
whole-system civil emergency in the UK and beyond. The impacts on food
security would be effectively unmanageable. A shift in climatic conditions
of such a scale, pace and severity would also impact many other critical
systems simultaneously, at home and abroad, creating a tidal wave of
destabilisation. The resources needed to adapt may exceed those available,
and some effects -like the knock-on triggering of tipping points in natural
systems -may be beyond adaptation.

Climate threats cannot be separated from other security issues. Climate-
security threats are often considered individually and as separable from
the wider security context — hazards to be dealt with by non-security
departments or emergency responders. But this view does not adequately
recognise the scale of cascading interactions and the pace at which they
are evolving. Meanwhile, the triggering of tipping points or the synchronous
failure of breadbaskets would cause saturating consequences for many, if
not all, areas of security.

Altogether, these factors show that climate change should be considered a
top-tier national security issue. Individual climate-security threats are on par
with other premier non-malicious threats like pandemics. In some cases, such
as AMOC collapse, they pose a far greater threat. Yet a comparison between

climate change and other major non-malicious threats is still not accurate and is

potentially misleading. Instead, we should distinguish between climate change
itself and specific climate-security threats and their cascading effects. Climate
change is the driver of these interconnected consequences. So, climate change
should not just be associated with a series of worsening events but should also
be considered as creating a new era of complex, severe and constantly evolving

security challenges.

In this way, climate change should be seen on a higher plane than other threats, a

‘meta-threat’ acting as a fundamental determinant of the global and local context,

whose consequences are entangled in all national security threats and issues.

Comparisons might be drawn with how the emergence of nuclear weapons created

a new era for security, although the climate-security threat is more encompassing

and affects all areas of security relating to hostile and non-hostile factors.

Cascading climate impacts and tipping points threaten national security
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This section explores how recent governments have sought to assess and manage
climate-security threats and how wider society is currently prepared for them. The
UK Covid-19 Inquiry has found considerable inadequacies in how the government
and wider UK are generally prepared for major non-malicious threats that could
create whole-system civil emergencies. Many of these problems are common to the
climate case, but some are specific to threats resulting from cascading impacts and
tipping points.

41 APPROACHES TO RISK ASSESSMENT AND MANAGEMENT

Risk assessment is a critical precondition for managing security threats (Rogers
and Gulledge 2010, Mabey et al 2011). Risk is often defined as the likelihood

of an outcome multiplied by the severity of its consequences, alongside the
exposure and vulnerability to those consequences. So, in the broadest sense,
risk management seeks to reduce the possibility and/or severity of an outcome.
To do this, a risk assessment is needed, which considers the probabilities and
consequences that make up the risk.

This is easier said than done. In a complex, inter-connected, and increasingly
conflicted world, information on security threats is often incomplete and imprecise.
In response, the national security community has developed sophisticated
processes for assessing and managing risk under conditions of complexity and
uncertainty. These are guided by a set of principles, which are common to risk
assessment and management across a range of sectors. Here we express them
through a set of key questions and use food security as an illustrative example.?

PRINCIPLES FOR CLIMATE-SECURITY RISK ASSESSMENT
AND MANAGEMENT

1. What do we care about? Establish a shared understanding of how the risk
relates to existing objectives and interests and therefore what we wish to
protect and what should be avoided. This sets the focus and boundaries

of the assessment. For example, in the case of UK food security, the 2022
Government Food Strategy stated its objectives included ‘a sustainable,
nature positive, affordable food system that provides choice and access to
high quality products that support healthier and home-grown diets for all’
(Defra 2022a). So, in relation to climate change, we could consider that a
clear priority for risk assessment is to identify the threats that could impact
food security and develop a management plan for protecting the ability to
maintain choice and access to a high-quality food supply.

3 These principles draw on analysis in Mabey et al 2011, King et al 2015, Quiggin et al 2021, Royal Academy of
Engineering 2022, Sharpe 2023, Trust et al 2024, and UK Covid-19 Inquiry 2024.
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2. What is the worst that could happen and when? A golden rule of risk
assessment is to focus on the worst cases: the risks of most concern that
present the greatest threat to what we care about. For example, a worst-
case scenario is that AMOC collapse occurs and prevents the UK from
meeting its food security aims. A range of analytical approaches should
be taken.

* Use the best available information. This is often a mixture of
guantitative and qualitative analysis and expert judgement. Under
uncertainty, it is more important to obtain a best estimate using the
highest quality information available than to have no estimate at all.

« Be systemic. Risks result from many complex interactions between
systems and existing vulnerabilities. Ignoring even some of these
can make for a misleading assessment. Much scientific assessment
of climate change focusses on first order physical impacts. So, an
additional layer of cascading risk analysis is needed to identify
security implications. Models can be used to help do this, but they
can also unduly simplify and give a false impression of precision.
Historical experience might be a poor or even misleading guide,
particularly in the case of rapidly evolving climate-security threats.
Scenarios should therefore also be used to explore a full range of
interactions and risks.

+  Focus on the most relevant information. Decision-makers with
responsibility for managing risks have one or more ‘risk currencies’:
risks of primary importance which they understand intuitively, such as
jobs, hostile threats and inflation (Roberts et al 2021). Risk information
should be relevant to these currencies and presented in a language
that decision-makers understand. The opposite often happens
with climate change. This is because language, risk currencies and
perceptions of risk more generally may differ dramatically between
subject experts, risk assessors and decision-makers.

» Consider the full range of factors determining plausibility. This might
include quantified estimates of likelihood. But most of the time,
it is not possible to quantify probabilities meaningfully. It is also
important to focus on high impact events, even if they are perceived
as low likelihood, as the overall risk is still high. Likelihood should
not singularly determine conceptions of plausibility. Instead, a range
of ‘plausible’ worst-cases should be identified, requiring a subjective
judgement of plausibility.

- Be explicit about assumptions and judgements. In a complex and
uncertain world, these are inevitable and they will have consequences
for how the risk is assessed. Subjective analysis should be made clear,
particularly so that those using assessments can understand how this
might have a bearing on estimates and rankings of risks.

3. Who is involved? The management of risks involves a wide range of
stakeholders, so participation in risk assessment should be similarly broad.

« The process of identifying key objectives and their relationship to
risks should involve high-level decision-makers responsible for these
objectives outside the context of the specific risk. For example, UK
food security is ultimately the responsibility of senior government
leaders at national and devolved levels, so they should be involved
in identification of key objectives in relation to climate risks, not just
those decision-makers with a climate-specific brief.

- The information used to identify worst-case risks and management
options should be gathered from across a wide range of disciplines.
Climate science is a necessary but insufficient input for determining
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food security risk. Information is also needed on the financial
conditions of food production and supply sectors, inequalities in access
and use of food, supply chains and international risk factors, and so on.
Risk management plans should be developed with all key stakeholders,
including affected and vulnerable communities.

- Specialist risk assessors and planners should lead the process of
identifying and analysing this information and applying it to scenario
development and risk management. These assessors - or ‘knowledge
brokers’ — should be literate in the culture, assumptions, language,
objectives and biases of the communities from which they obtain risk
information and for whom that information is intended. For example,
without context, a decision-maker may misconstrue the IPCC’s previous
conclusion that AMOC collapse this century is ‘unlikely’ as meaning that
it is not a risk worth worrying about. Instead, a risk assessor should
stress that a collapse cannot be ruled out, and link its potential impacts
to a decision-maker’s areas of greatest concern, such as the impact on
food security.

4. Who should know? The results of the risk assessment should report to
decision-makers in high authority and those with the greatest power and
responsibility to manage the risks. For climate-security threats that impact
food security and other key elements of national security, this means
reporting to those with the highest responsibilities in government, including
the prime minister, heads of devolved administrations, their cabinets, and
the National Security Council.

5. How has our assessment changed? Climate-security threats are complex,
uncertain, and evolving rapidly. Risk assessments must be undertaken
regularly and be consistent in analytical approach. Judgements should be
tracked over time to help understand the shifting outlook.

6. How can we manage it? A risk assessment should always be connected
to a strategy for mitigating the identified risks and to the structures for
developing and executing this strategy. There should be a clear separation
between the assessment of risk and its management. This is to protect
the objectivity and accountability of both elements. In turn, the ‘three
lines of defence’ approach is commonly used in risk management settings,
particularly in the private sector, with explicit and separate functions for
risk management, oversight, and independent and external assurance
(JCNSS 2021).

The UK has considerable capabilities for risk assessing and managing the
consequences of climate change. The 2008 Climate Change Act requires the
UK government to undertake a Climate Change Risk Assessment (CCRA). This
informs a five-yearly National Adaptation Programme (NAP) that sets out

how the government will meet its legal obligation to ensure the country is
adapted to the consequences of climate change (Burnett 2023). The CCRA and
NAP consider a wide range of human security impacts. Separate adaptation
programmes are undertaken by devolved administrations, informed by the
UK-wide CCRA. The independent UK Climate Change Committee (CCC) provides
external advice and input into the CCRA and regularly scrutinises progress on
adaptation. Many structures are in place but as we explore below, they are not
yet being used effectively to assess and act on risk.

Beyond climate change specifically, the National Security Risk Assessment (NSRA)
is the UK government's internal process for identifying the most serious threats
facing the country. The outcomes of the NSRA are classified but a National Risk
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Register (NRR) provides a public-facing summary of the threats. The NRR includes
a range of first-order climate-related threats, including heat waves and flooding
(HMG 2023a). The National Security Council (NSC) is the main forum for high-level
ministerial consideration of the UK’s national security objectives and is supported
by the National Security Secretariat.

The NSC often focusses on hostile threats, so a sub-committee has been formed
that considers resilience more broadly, including non-malicious threats (UK
Covid-19 Inquiry 2024). Responsibility for managing threats sits with a range of
government departments, agencies, and devolved and local governments bodies.
Several bodies support coordination, particularly in the Cabinet Office, which
houses the COBR Unit, the national crisis management centre, and Resilience
Directorate, which focusses ‘on the prevention and mitigation of both acute and
chronic risks rather than only dealing with the consequences of crises’ (HMG 2023c).

4.2 CLIMATE-SECURITY THREATS ARE NOT ADEQUATELY ASSESSED
AND MANAGED

The current CCRA and NSRA processes are inadequate for assessing climate-
security threats, particularly those arising from cascading impacts, and do not
adhere to several key risk assessment principles. In turn, there are inadequacies
in UK government structures for handling major climate-security threats and in
making the UK more resilient to climate change in general. We have identified five
interconnected problems.

Problem 1: There is no dedicated national security risk assessment of

climate change

Strikingly, there is no explicit UK risk assessment of the holistic national security
implications of climate change to cater primarily for a national security audience
at the highest level. The CCRA is designed to inform adaptation planning and is
therefore primarily intended for use by non-security departments, particularly
the Department for Environment, Food and Rural Affairs (Defra), which leads the
NAP. This leaves gaps in risk assessment for security purposes intended for high-
level decision-makers including the NSC, which explores national security threats
holistically and at a broad level.

For example, it is not currently in the CCRA’s function - largely determined by
Defra - to ask how climate change might impact the government’s central strategic
goals, such as national defence and economic stability, or what the worst-case
outcomes for the UK might be and whether they could constitute whole-system
civil emergencies. There is also no explicit assessment of derailment risks in the
CCRA or in the government’s climate change policies more generally.

The NRR does not fulfil these functions either. This is partly the result of a lack

of harmonisation between the CCRA and the NSRA, including a “mismatch in the
timescales... which means that the NRR does not assess the impact and likelihood
of climate trends” (CCC 2021b). The NRR differentiates between risks considered
‘acute’ - discrete events presenting threats over a two-to-five-year horizon, or
‘chronic’ - long-term challenges gradually threatening security (HMG 2023a). In
the latest edition of the NRR, the previous government removed climate change
and other chronic drivers of risk altogether, saying it was developing a separate
process for assessing these threats.

The NRR does include short-term climate hazards such as heatwaves and wildfire,
but not an assessment of how their likelihood and impact are being affected by the
evolution of climate change. In addition, some climate-security threats like tipping
points do not fit this binary distinction. Using the government’s categorisation,
tipping points are caused by a ‘chronic’ risk (rising temperatures). When triggered,
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the tipping process could play out over years or decades, a timeframe sitting
awkwardly between ‘acute’ and ‘chronic’ timescales, depending on the tipping
point. The post-tipping state would create a new set of acute and chronic risks.
The inability to neatly fit complex climate-security threats within the government’s
conception of timescales. and what constitutes a proximate risk, means that
climate-security more generally can fall between the cracks of security risk
assessment processes.

There are recent examples of national security risk assessments of climate
change being undertaken around the world. In the US, within one week of
inauguration, President Biden ordered the US intelligence community to
undertake a National Intelligence Estimate (NIE) - the highest risk assessment
of a national security issue - on the national and economic security impacts
of climate change within 120 days, which subsequently identified high risks to
national security (ODNI 2021).

Australia is another example of an incoming government undertaking a similar
exercise. Within six months, the Labor government followed through on its election
promise to instruct the Office of National Intelligence to assess climate threats to
national security (ALSCG 2024). This assessment sits alongside an ongoing National
Climate Risk Assessment process, which is similar to the UK CCRA and primarily
informs adaptation policy.

There are inadequacies with both the US and Australian approaches. In particular,
both assessments are mainly limited to considering international threats in
isolation. This imposes an artificial divide between domestic and international
risks, which can preclude a holistic assessment of threats that do not respect
borders. The NIE does not consider tipping points and employs a narrow
conception of security, focusing primarily on the defence domain, which frustrates
assessment of the systemic interactions between human security and defence
threats (Dumain 2022). Additionally, the Australian assessment has not been
published, precluding engagement with its findings (ALSCG 2024).

Problem 2: Understanding of climate-security threats is not guided by a full range
of possible outcomes

The NSRA process and NRR deliberately do not capture all risks faced by the UK,
instead grouping risks into single ‘reasonable worst case’ scenarios (HMG 2023a).
The UK Covid-19 Inquiry has found that, in practice, these have been treated as
predictions rather than just one scenario to plan against (UK Covid-19 Inquiry 2024).
For Covid-19, this resulted in too much reliance being “placed on a single scenario
- pandemic influenza - and on the likelihood of that scenario occurring [with] the
effect... that risk was assessed too narrowly in a way that excluded other types of
pandemic” (ibid).

There was enough information to identify that a novel coronavirus pandemic

was plausible, yet too much weight was given to the conclusion that this was

low in likelihood. This has led the Royal Academy of Engineering, in a study of
the NSRA process, to conclude that “likelihood should not be the main driver for
prioritisation, as this can be difficult to assess with a high degree of confidence
across all risks” (Royal Academy of Engineering 2022). In turn, the UK Covid-19
Inquiry has concluded that the government needs to “ensure that the selection of
multiple scenarios for different risks reflects a representative range of what could
go wrong, and that this is not mainly driven by the likelihood of these scenarios”
(UK Covid-19 Inquiry 2024).

Similar problems exist in climate risk assessment. Climate tipping points are an
illustrative example. They pose plausible and severe climate security threats, so
should be considered within a set of worst-case scenarios. Tipping points are
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mentioned in the context of government risk assessment processes. For example,
the CCC’s independent input for the CCRA repeatedly mentions tipping points (CCC
2021a), including in a technical report exploring the impacts of tipping points on
the UK (Hanlon et al 2021).

However, there is only one mention of tipping points in the government’s CCRA
itself, which is found in a discussion of priorities for future research (HMG 2022a).
There is no mention of tipping points in the Third National Adaptation Programme
and the Fourth Strategy for Climate Adaptation Reporting presented to Parliament
last year (HMG 2023d). While climate change was a key theme in the 2023 Integrated
Review Refresh, there was no direct mention of tipping points or other non-linear
climate-security threats (HMG 2023b). They are not mentioned in the latest National
Risk Register either (HMG 2023a).

This is a common problem across the world, with the OECD warning that: “Despite
marked improvements in the understanding of the high risks associated with
climate tipping points, global policies explicitly targeting risks of tipping points
remain virtually non-existent” (OECD 2022). A key issue identified by the OECD
and others is that prevailing approaches to assessing the implications of climate
change largely focus on outcomes that are considered higher probability, which
often involve average changes, not non-linear possibilities (ibid; Mercure et al 2021;
Kemp et al 2022). Indeed, tipping points are not included in standard projections
for the UK's future weather and climate, and can therefore be excluded from
scenarios informing risk assessments of climate change, limiting the range of
scenarios and excluding plausible worst-cases (CCC 2021a).

In general, the inherent uncertainty in gauging major climate-security risks can
be misconstrued as meaning these risks are very low-likelihood and therefore
ignorable, even if it is clear the impact might be severe (OECD 2022). However,

it is best practice to consider low- or uncertain-likelihood outcomes that could
have severe consequences as amounting to material risks (Trust et al 2024).
Understanding of climate-security threats should be aligned with what could be
most threatening, not what might (currently) seem to be most likely. Indeed, the
latest evidence suggests that triggering of tipping points and the manifestation
of severe cascading impacts are no longer ‘low likelihood’ (Lenton et al 2023,
Ranger at al 2024). Meanwhile, the science of tipping points is improving fast. But
developments take time to enter assessment processes that stretch over many
years. For example, the process to develop the CCRA takes five years.

Problem 3: Analytical flaws mean threats are routinely underestimated

Even if uncertainty in climate scenarios were to be dealt with appropriately, there
are several other analytical problems that constrain assessment of climate-security
threats. One critical flaw is that cascading and compounding dynamics are not
appropriately factored into national security analyses. For example, the NRR does
not assess risks within and across systems (UK Covid-19 Inquiry 2024). Instead, it
focusses on single events and sectors, excluding risks that are connected or can
occur concurrently. Yet by definition, cascading climate impacts interact with and
exacerbate risks across sectors and systems. Similarly, the consequences of SPG or
AMOC collapse would touch many if not all risks listed in the NRR.

These analytical problems also exist in climate-specific assessment. For example,
reporting of food supply chain risks is not mandated, preventing evaluation of the
overall levels of systemic risk in the UK food system, a key determinant of UK food
security (CCC 2023). Overall, the CCRA mentions cascading, cross-border impacts
but does not estimate how these would evolve across different emissions scenarios
(HMG 2022a).
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This has led the CCC to conclude that ‘Due to the potential for hidden tipping
points and the unpredictability of systemic risks, the current model of conventional
risk governance in the UK that focusses on single events, single sectors and
characterisation of reasonable worst-case scenarios should be reviewed’ (CCC
2021a). The latest CCRA notes “there is a need to address the interdependency and
inequality of risks, and this is a research priority area” for the next CCRA (HMG
2022a). This is a problem in other countries, including across Europe, where a
recent study concluded that: “Cascading climate risks are, as yet, little understood
and seldom assessed or managed. This is extremely dangerous” (Townend et

al 2023). It is also one of the reasons that derailment risks are not routinely
considered in climate planning and action.

This problem is related to the predominance of economic analysis in government
risk assessment. Estimates of the economic consequences of climate-security
threats are important in assessing impacts and enabling cost-benefit analysis to
support decision-making. But these estimates often do not account for cascading
impacts and abrupt changes, meaning they are severely limited and biased
downwards (OECD 2022, Trust et al 2023).

This leads mainstream economic assessments to routinely predict negligible
economic impacts from global temperature rises that scientists consider to be
biophysically catastrophic. For example, models used by central banks and other
key institutions predict a small reduction in the trend rate of economic growth of
0.05—0.3 per cent resulting from a 4°C global temperature rise (Stern et al 2022,
Lauro and Khanna 2024). Such a rise could lead to the triggering of multiple tipping
points and other impacts that have been described as globally ‘catastrophic’ (Xu
and Ramanathan 2017).

Similar economic approaches were used in the latest CCRA, with the government
warning that “for eight of the risks identified by the CCC, economic damages by
2050 under 2°C could exceed £1 billion [per annum]” and that “other sources of
evidence suggest that, by 2045, the cost of climate change to the UK could be at
least 1 per cent of GDP” (HMG 2022a). These figures only consider specific risks
where some valuation of economic impacts was possible from the evidence
available. They do not accurately represent the cascading impacts and abrupt
changes that are plausible around 2°C and would cause far greater economic
impacts. Similarly, recent OBR analyses do not include tipping points (OBR 2024),
nor do they sufficiently assess cascading and compounding impacts.

Furthermore, an “at least 1 per cent” reduction in GDP is about a tenth of the
GDP reduction brought by Covid-19, potentially creating a misleadingly benign
impression of the overall climate-security threat, with the qualifier - ‘at least’
- being both critical and easily missed. Even with better analyses, cost-benefit
approaches generally struggle to cope with non-linearity, as optimisation is
difficult for high-uncertainty, high-impact threats (Kopp et al 2016).

Navigating this array of methodological flaws can be a daunting challenge for
risk assessors. It requires an appreciation for differences between the culture of
producers of risk information and risk assessment best practice (Sharpe 2023). In
particular, definitions of ‘conservative risk assessment’ may differ. For a climate
scientist, this could mean focusing on outcomes that might appear most certain.
For a risk assessor, this means focusing on the most extreme events, even if they
are uncertain. This is a potentially troublesome cultural and analytical difference.
Bridging it requires a skill set and ‘feel’ for climate-security threats that do not
appear generally apparent in national security risk assessment processes.
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Problem 4: Climate-security is not integral to national security decision-making
The UK Covid-19 Inquiry has stated that ‘Preparedness for and resilience to a
whole-system civil emergency must be treated in much the same way as we treat
a threat from a hostile state’ (UK Covid-19 Inquiry 2024). Yet many high-ranking
officials testifying to the Inquiry said that this was not the case in practice. The
Inquiry identified a range of issues that constrain preparation and response to
whole-system civil emergencies. These are pertinent for climate-security threats.

The Inquiry has pointed to inefficiencies across the government system. There are
too many entities involved in preparedness and resilience with significant “overlap
between their roles and an absence of clarity about the division of responsibilities”.
In particular, the Inquiry has pointed to the lead government department model as
being “fundamentally unsuited to preparing for and building resilience to whole-
system civil emergencies”. In this model, individual risks are allocated to lead
departments, fragmenting understanding of how they can create threats that cut
across departments. This prevents the collaborative systems approach needed

to handle whole-system civil emergencies. The Inquiry has concluded this model
should be fully abolished.

This fragmentation is also clear in the case of climate-security threats. It is unclear
who ‘owns’ the threat posed by, say, AMOC collapse in government. No singular
department has the capabilities or can have the responsibility to manage climate-
security threats with implications for all of society. The CCC has warned of a lack of
“clear responsibilities and mechanisms for cross-Government collaboration” (CCC
2023). Furthermore, responsibility for climate risks sits in non-security departments
like Defra, marginalising climate-security threats from the top table of national
security decision-making. The Joint Committee on the National Security Strategy
has concluded that: “It is hard to imagine the Government taking such a lax
approach to any other recognised national security risk” (JNCSS 2021).

A lack of leadership at the highest political levels of government is also a problem.
Ministers can often feel as if there is little political reward for focusing on uncertain
threats, particularly when faced with relentless pressure on time and resources
from other issues (Hodgkin and Sasse 2022). They also suffer from a lack of skills
and experience, with the Covid Inquiry finding that ministers are “frequently
untrained in the specialist field of civil contingencies” and “failed to challenge
sufficiently the advice they did receive from officials and advisers” (UK Covid-19
Inquiry 2024).

Problem 5: The UK is not resilient to current climate conditions, let alone
future threats

The UK is poorly adapted to climate change. In its most recent assessment of the
UK's resilience, the CCC reached the striking conclusion that “consistent minimum
resilience standards across sectors... are largely absent” and that “no sectors are
yet well adapted to the risks of climate change” as they stand today, let alone into
the future (CCC 2023).

The CCC has warned that previous adaptation plans did not even address

all the threats identified in the CCRA and that there has been “very limited
evidence of the implementation of adaptation at the scale needed to fully
prepare for climate risks facing the UK” (ibid). While it considers the latest
NAP to be an improvement, the CCC has concluded it still “lacks the pace

and ambition to address growing climate risks” (CCC 2024). Meanwhile, the
uncertainties associated with climate-security threats present additional
challenges to adaptation planning. For example, the impacts of tipping points
expand the possible range of conditions to which the UK may have to be
adapted (Hanlon et al 2021).
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The poor state of UK resilience is partly the result of a lack of prioritisation and
connection across government. The CCC has said that adaptation “remains the
Cinderella of climate change, still sitting in rags by the stove: under-resourced,
underfunded and often ignored” (CCC 2021a). As the lead department on climate
resilience, Defra has “struggled to have enough clout to drive progress across other
departments, with actions from other departments in NAP3 often being weak”
(Hodgkin and Rutter 2024). The Joint Committee on the National Security Strategy
has “found scant evidence of climate adaptation work being driven forward by any
of the relevant Cabinet Committees, which was reflected in its apparent lack of
prioritisation by the Cabinet Office and the Government more widely” (JCNSS 2022).

Overall, the Institute for Government has concluded that “the existing set-up
has not delivered the pace of change required to minimise harms and costs
from increasing climate change impacts” (Hodgkin and Rutter 2024). In 2023, the
government created the Climate Resilience Board, with the intention of putting
climate resilience into the centre of government. While it is too early to gauge its
impact, there are worrying signs that preparedness for the most severe threats
is not being undertaken. For example, in response to a recent written question in
the House of Lords, a government minister stated that the government has not
even “assessed the effect of any slowing or collapse of the Atlantic Meridional
Overturning Circulation (AMOC) on economic planning” (Hunt 2024), implying a
lack of effort to prepare.

Fundamentally, the UK lacks a vision for what resilience to climate-security
threats should look like. The CCC says that the latest NAP “fails to set out

a compelling vision” for what previous governments have meant by a “well
adapted UK” (CCC 2024). This problem is more general. Strikingly, the National
Audit Office has warned that the government has not yet “set out a well-defined
vision for what a resilient UK looks like, including targets and standards for
the desired level of national, local or sectoral resilience” and the “amount

of risk that it is willing to accept (risk appetite)” (NAO 2023). In the case of
climate-security threats, it is particularly important to identify the amount of
permissible risk, as there might be considerable limits to adaptation. By failing
to clarify these issues, the government is inadvertently signalling a high-risk
appetite in relation to climate-security threats.

Altogether, these elements mean that “Despite the best efforts of officials, the
machinery of government has been ill-suited to ensure that [climate] adaptation
reaches the top of other departments’ priority lists and is sufficiently well
understood and resourced in local government” (CCC 2021a).

4.3 DISTRACTIONS FROM DECARBONISATION POSE SECURITY RISKS

A continuation of the failures explored above could create another, under-
appreciated threat to collective security: a lack of preparation to handle the
consequences of climate change could lead to a situation where the UK and other
countries are unable to adequately tackle its causes. This could create a vicious
circle that multiplies security threats into the future. This dynamic could play out
as follows.

Worsening climate-security impacts will create escalating demands on constrained
resources, particularly if they trigger whole-system civil emergencies. In response,
the government and society will focus on managing the consequences of these
emergencies (as is right). All things being equal, these demands could crowd out
attention on and resources from tackling the root causes, increasing the problem
of maladaptation, whereby immediate crisis management exacerbates the
underlying situation.
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For example, more intensive farming to compensate for lost agricultural production
caused by climate shocks could be done in a way that worsens ecosystem stress,
and so create more problems for food production and nature. Constrained
resources and immediate challenges, such as Covid-19 and Brexit, have already
contributed to climate adaptation being weak and disparate, as explored above.

Aggregated internationally, a consequence of this dynamic could be that action
to meet global environmental goals is slowed. This would be a severe strategic
mistake as it would increase the underlying climate problem, creating more
security threats. In turn, their manifestation could further distract from reducing
emissions and restoring nature, creating a vicious circle, severely degrading
security in the medium-to-long-term.

This dynamic is referred to as ‘derailment risk’: the risk that the world is
increasingly diverted from a pathway to sufficiently tackling the causes of climate-
security threats by a necessary imperative to tackle their consequences (Laybourn,
Evans and Dyke 2023). It is illustrated in figure 4.1. Conversely, severe climate-
security impacts might also act as focusing events, spurring greater climate

action and a more virtuous circle. Disruptive moments of crisis provide golden
opportunities for innovation and transformational change.

FIGURE 4.1: HOW SOCIETIES REACT TO CLIMATE-SECURITY IMPACTS WILL DETERMINE THE
CHANCES OF WORSE THREATS IN THE FUTURE

Stylised diagram of the relationship between the effects of climate-security threats and the
ability of societies to collectively address their root causes
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Source: Authors’ analysis, adapted from Laybourn, Throp and Sherman 2023
Note: Causal links where one quantity increases/decreases another quantity are illustrated with a
plus/minus.

Two of the previous case studies might provide a plausible example of how non-
linear threats could lead to significant derailment risks. One of the consequences
of SPG collapse could be a knock-on effect to the AMOC, weakening it by as

much as 30 per cent (Quadfasel and Kdse 2007; Drijfhout et al 2012; Sgubin et

al 2017; Swingedouw et al 2021). This is because the SPG helps determine the
overall strength of the AMOC. A significant weakening would require concerted
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global effort to stave off a full AMOC collapse, a critical action moment for global
security. Yet the impacts of SPG collapse on societies could frustrate these efforts.
If this disruption acted to crowd out decarbonisation, it would put the world at

a disadvantage in its efforts to avoid AMOC collapse, risking far greater climate-
security consequences.

Conversely, the impacts of SPG collapse and the greater risk of AMOC collapse
might also offer opportunities to spur climate action. Put another way, our
collective ability to manage a potentially unavoidable security outcome

(such as that arising from SPG collapse) will determine whether we can avoid
unmanageable security outcomes (as would result from AMOC collapse).
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The new government is well positioned to respond to the escalating risks posed by
climate-security threats, developing better capabilities to manage these threats
and ensuring the UK and wider world can find a path to a sustainable future. It has
core commitments on national security and on climate action. Fully combining the
two is essential to create a more resilient and prosperous Britain. Meanwhile, these
risks are recognised by the public. Polling shows high levels of concern that the
UK’s national security is weak and a recognition that climate change poses a risk to
UK security (Rose 2023).

Urgent action is needed. There are worrying similarities between the situation
before the onset of Covid-19 and the current state of the UK’s risk assessment
and management of climate-security threats. Altogether, the UK might be
even less prepared to handle major climate-security threats than it was to
handle a pandemic.

A central consequence of these deficiencies is that as with Covid-19, the
government once again risks under-appreciating the threat to national security
posed by a key category of non-hostile threats. In turn, this could lead to an
over-appreciation in the efficacy of the response, risking worse outcomes if
threats materialise, as well as a complacency that decarbonisation efforts are
enough to stave off such threats.

5.1 CLIMATE-SECURITY AND MITIGATION AND ADAPTATION POLICY

The best way of managing escalating climate-security threats is to limit global
temperature increases to 1.5°C with minimal overshoot. As the OECD has warned
in relation to tipping points, this means that “Committing to net-zero emissions
by mid-century is not enough in itself; it is about achieving net-zero with urgent,
early and deep reductions in emissions already this decade” (OECD 2022). This

is the only sure route to having a chance at avoiding unmanageable climate-
security outcomes.

The government should consider climate-security threats and their implications
for the pace of global decarbonisation when setting its emissions reductions
plans, including calculating its Nationally Determined Contributions ahead of
the COP30 conference in 2025. The scale and pace of global decarbonisation is a
critical determinant of climate-security threats and therefore a key determinant
of the UK’s overall security. In turn, decarbonisation can improve UK security
across nearly all dimensions, including for physical and mental health, the
economy and financial markets, and food systems. Policy decisions across
government should be made with the climate-security consequences in mind.

Unfortunately, some major climate-security threats might still manifest. This is
partly because these threats exist under 1.5°C and because the long-term global
temperature rise will soon breach 1.5°C. Unavoidable climate-security outcomes
will have to be managed. This requires the government to urgently address the
poor state of UK climate adaptation governance and action. Major climate-security
threats provide an additional impetus to improve UK climate resilience rapidly.
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They also expand the possible range of conditions to which the UK may have to
be adapted to include the potential impacts of, say, SPG or even AMOC collapse.
Those bounds are large and will remain uncertain. But the severity of major
climate-security threats means action should be taken. As with Covid-19, a lack
of preparedness multiplies the subsequent impact, imposing a far greater cost
to security.

Thankfully, there are many ‘no-regrets’ adaptation actions that can improve
resilience no matter the scenario, including nature restoration, improvements
in insulation, and making critical infrastructure robust to a wider set of
extremes. These adaptations would improve resilience even if some major
climate-security threats did not exist or do not manifest.

5.2 CHANGES TO THE MACHINERY OF GOVERNMENT

A new footing is required: climate-security threats should be a core part of
national security planning. To this end, leadership at the highest levels is
needed to reorganise government (Townend et al 2023). Other governments
have sought to do this. For example, the current US government sees climate
considerations as “an essential element of... national security”, integrating them
into policies, strategies and partner engagements (The White House 2021, US
DOD 2024). This approach has informed the agenda of other policy areas, such
as the CHIPS and Inflation Reduction Acts, which seek to improve the security
of US supply chains and energy systems, while also driving decarbonisation
(Laybourn and Evans 2023).

There is much to learn from the US approach. One key area is the need to signal
that climate change has been elevated to a core national security priority and

now sits at the highest strategic decision-making levels of government. To that
end, we recommend that the government should make the security implications

of climate change a foundational element of the Strategic Defence Review and

the review of national resilience, including an emphasis on the implications of
cascading and abrupt climate-security threats (Ince and Laybourn 2024). These
reviews should ensure a climate lens is applied to security and resilience strategies
across a diverse range of policy areas, including industrial strategy, public finances,
supply chain resilience, health and foreign policy - and not just defence or other
traditional defence and security matters.

To inform these reviews, we recommend that the government should undertake

a rapid National Security Risk Assessment of climate change to establish a full
picture of the most critical threats to UK security from climate change and risk
management options, catering for a national security audience at the highest level.
The assessment should both fill the gap between the CCRA and NSRA processes
and complement them, drawing on the UK’s world-leading expertise and engaging
with key stakeholders across the public, private and academic sectors.

It should be led by the Cabinet Office and work with personnel who routinely meet
analytical requirements from high-level national security decision-makers and

are familiar with assessing risks in this context. Support should be provided by
departments and agencies with specific expertise on climate risks. The assessment
should report within months. If the government judges that it lacks sufficient
resources to complete this task at this time, it should consider commissioning an
external group of experts to undertake the exercise on its behalf.

This assessment process should produce a range of outputs, from a full report to
smaller, decision-grade briefings on particular topics. In addition, the assessment
should do the following.
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e Follow the principles set out in section three, such as focusing on a range of
worst-case scenarios and factoring in interconnected risks, including those
relating to nature loss and other pressing environmental problems.

e Focus on national security holistically, looking at threats to human security
within and outside the UK’s borders, and how they interact, producing
decision-useful information in relation to the government’s strategic interests.

e Assess threats to the nations and regions of the UK as well as the UK
overall, engaging with government, experts and stakeholders in devolved
administrations and local government areas.

«  Answer critical and strategically-consequential questions, such as what are
the worst threats to food, economic and geopolitical security posed by climate
change, and how best to manage these threats under conditions of high
uncertainty and constrained resources.

¢ Urgently assess major threats, including SPG and AMOC collapse, and critical
cascading and compounding risks linked to particularly vulnerable UK systems.

¢ Develop options for the management of these risks and the implications of risk
management for other areas of government.

e Produce a publicly available version.

The assessment should expedite the creation of a standing capacity to better
assess climate-security threats, ensure they are factored into the day-to-day
national security assessments and procedures, and support high-level national
security decision-makers in managing these risks.

Therefore, we recommend that the government should create an independent
Centre for Climate and Nature Security, a centre of excellence with the
purpose of improving the ability of the UK’s security community to integrate
an understanding of climate-security threats into decision-making processes
and risk management (Malliaraki et al 2020). It should provide relevant, timely
and actionable all-source intelligence assessments for key decision-makers.
It should work with, complement and connect the extensive assessment
capabilities already in government departments and agencies, including the
Met Office and the CCC, as well as in academia, the private sector and civil
society. The centre should draw on, inform and help better connect the NSRA
and CCRA processes. It should also consider threats coming from nature loss,
pollution and other inseparable environmental problems.

We recommend that priorities for the centre should include the following.

* Investing in deep-dive research to close key knowledge gaps and produce
decision-grade insights. There is a clear need to do so for cascading impacts
and potential abrupt changes. It is untenable that so many fundamental
knowledge gaps still exist in understanding of the security implications of
threats like SPG and AMOC collapse and the compounding interaction of
existing climate and nature stressors, as well as what emergency response
measures can be usefully deployed. Information must be developed with
decision-maker requirements in mind and to inform risk management plans.

»  Assessing derailment risks in decarbonisation plans, exploring how
departmental approaches to meeting carbon budgets might be impacted
by worsening climate impacts - such as the threat posed to carbon
sequestration by wildfires and droughts destroying tree plantations and
restored wetlands - and providing risk management options.

e Supporting the development of early warning systems for key climate-security
threats. The severe and complex consequences of these threats mean there
is a pressing need to establish early warning capabilities that are trustworthy
and decision-useful. The Centre should work with other strategic investors,
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including the government’s Advanced Research and Innovation Agency, which
is investing in research on early warning systems (Bale and Bohndiek 2024).

«  Supporting a new mandatory requirement for major government policy
proposals to contain an assessment of climate-security risks and risk
management, including relating to financial implications.

¢ Supporting the institution of a general programme of education across
parliament, devolved administrations and the civil service to improve skills
and general intuition for the new threat context, including updates to the
Policy Profession standards.

Beyond risk assessment and the general need to improve adaptation, changes are
needed to how the government and devolved administrations plan and prepare
for major climate-security threats. We are aware that the UK Covid-19 Inquiry

has provided a set of effective recommendations for improving government
structures to be better prepared for and resilient to threats that might cause
whole-system civil emergencies (UK Covid-19 Inquiry 2024). We agree with these
recommendations, which include the following.

»  Simplifying structures by creating a single Cabinet-level committee responsible
for whole-system civil emergency preparedness and resilience for each of
the UK government and devolved administrations. It should meet regularly,
be chaired by the government’s leader, and be supported by a single cross-
departmental group of senior officials overseeing and implementing policy.

«  Abolishing the lead government department model and instead requiring
the Cabinet Office to lead on preparing for and building resilience to whole-
system civil emergencies across UK government departments, including
monitoring the preparedness and resilience of other departments, supporting
departments to correct problems, and escalating issues to the committee and
officials group mentioned above. In the case of climate-security, the Cabinet
Office can be supported by the outputs of the new Centre.

¢ Introducing a UK-wide whole-system civil emergency strategy to prevent
emergencies and to mitigate their effects, developed collaboratively by the
UK government and devolved administrations. These should include major
climate-security threats.

»  Creating a statutory independent body for whole-system civil emergency
preparedness and resilience that provides strategic advice and oversight to the
government. The body should be set up by the UK government in consultation
with the devolved administrations. It should work closely with the proposed
Centre for Climate and Nature Security and the other elements of UK climate
governance, including the CCRA and CCC.

* Undertaking whole-government response exercises or ‘stress tests’ at least
every three years. The Inquiry focusses on pandemic exercises, but they
should also be undertaken on major climate-security threats. They should
consider the whole-system consequences, including for food security,
financial stability and health, working across government, agencies and the
private sector. Findings, lessons and subsequent action plans should be
published and made generally accessible.

Any strategy to tackle whole-system civil emergencies cannot be made in
isolation from the wider world. Therefore, we recommend that any whole-
system civil emergency strategy should include elements for coordinating
resilience between nations, key markets and multilateral institutions to
better manage and pre-empt systemic risks and vulnerabilities resulting from
climate-security threats that exist on a cross-border scale. Pressing priorities
include improving coordination to increase food system resilience, and
assessing the combined effects of climate change and nature loss together
on regional scales. Coordinated resilience strategies will require increasing
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climate finance commitments, and loss and damage funding to support
climate-vulnerable nations.

In doing this, the government should be guided by a recognition that the national
security of the UK is inseparable from the security of people and places around the
world. As the foreign secretary recently said (Lammy 2024):

“demands for action from the world’s most vulnerable and the
requirements for delivering security for British citizens, are
fundamentally aligned. And this is because this crisis is not some
discrete policy area, divorced from geopolitics and insecurity.

The threat may not feel as urgent as a terrorist or an imperialist
autocrat. But it is more fundamental. It is systemic. It’s pervasive.
And accelerating towards us at pace”.
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In the wake of the 9/11 terror attacks, the US Congress created a national
commission to understand the failings in government risk assessment and
management exposed by the attacks (Sharpe 2023). The commission reported
that “across the government, there were failures of imagination, policy,
capabilities, and management” and, in summing up, that “the most important
failure was one of imagination” (NCTAUUS 2004). The commission concluded
that it is “therefore crucial to find a way of routinizing, even bureaucratizing,
the exercise of imagination”.

On the eve of the Covid-19 pandemic, it seemed as if the UK government had
successfully bureaucratised imagination. It had correctly assessed pandemics to
be one of the most significant threats facing the UK and developed response plans
considered to be some of the world’s best. But these assessments and plans did
not translate into sufficient preparedness. The focus on only one type of pandemic
proved a strategically disastrous failure of imagination.

Pandemics are now joined by climate-security threats and loss of nature as the
premier non-hostile threats facing the UK - and the wider world (WEF 2024). As
with pandemics, there is ample evidence to suggest that these threats are not just
plausible or possible but also probable. But previous governments have not even
adequately assessed these risks, let alone prepared to handle their consequences.
The failure of imagination persists.

The severity of climate-security threats —and the all-encompassing security impacts
of rising temperatures — means this failure must be overcome urgently. Several
scientists are now warning that the climate system is entering ‘uncharted territory’
(Ripple et al 2023b, Schmidt 2024). Uncharted territory for the climate creates
uncharted territory for national and international security.

A strong imagination is critical to survival in the unknown, ensuring that
unmanageable climate-security outcomes are avoided. This report has set out
a range of recommendations for how the new government can better expand
its imagination and, in turn, action.

Doing so will force us to confront a particularly challenging dimension of the
situation we now face. An improvement in risk assessment will highlight how the
threats to the UK from climate change are far more severe and disruptive than

is generally understood across politics and the wider public. Cascading impacts
will escalate, and tipping points might be triggered. This reality is hard to face — a
potentially profound dislocation of expectation.

But it does not mean that climate action is futile. The opposite is true. Whatever
climate change throws at the UK, the unavoidable will have to be managed. This
is so that ultimately, the unmanageable is avoided. It will mean that the UK,
along with all other countries, will have to become adept at navigating rapid and
equitable climate action through worsening impacts, charting a course to a better
future. Doing this successfully will, again, require imagination.
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SCENARIO OF SPG COLLAPSE - METHODOLOGICAL NOTE

The analysis used in section two used output from state-of-the-art global climate
models participating in the Coupled Model Intercomparison Project Phase 6
(CMIP6) and Phase 5 (CMIP5). CMIP provides a framework for coordinated climate
model experiments that enable systematic evaluation and intercomparison

of model performance. Models included in CMIP exhibit significant diversity

and independence in their formulation, resolution and parametrisations. The
novel results presented here regarding the probability of SPG collapse and its
impacts are either under review or being prepared for submission as academic
publications in peer reviewed journals.

CMIP5 output

The use of CMIP5 is limited to quantification of the probability of SPG collapse. This
event occurs in 45.5 per cent of the 11 models best able to simulate the observed
SPG stratification across all scenarios (Sgubin et al 2017).

CMIP6 output

There are 11 models from CMIP6 that can accurately reproduce the observed ocean
stratification. Of these, four (36.4 per cent) show an SPG collapse before 2100. In
those models the collapse occurs at approximately 2°C (ranging from 1.1—2.5°C)
above preindustrial (1850-1900) mean temperature. The collapse occurs as early
as 2035 and as late as 2060 in the models, with the most likely time of occurrence
in the 2040s. The collapse is clearly observed in five runs, three of which happen
under SSP1-2.6 and two of which occur under SSP2-4.5.

This analysis focusses specifically on output from three models: CESM2-WACM,
MRI-ESM2-0 and NorESM2-LM. Impacts are assessed by analysing model output
variables over a 40-year period centred on the collapse - the 20-year period
before and the 20-year period after. Additionally, an ensemble approach is taken
by averaging the change in values across the three models. Creating an ensemble
mean dampens model-specific variability and provides a more robust composite
estimate of potential impacts. Examining multiple state-of-the-art models in this
manner accounts for uncertainties related to model physics and better quantifies
the forced response.

Differences are calculated between the post-collapse period and pre-collapse
period for both annual and seasonal averages and extremes. Extremes are
calculated on a grid cell level where the extreme values (maximum or minimum)
across the period of interest and ensemble of models are calculated for each grid
cell. This approach creates a spatial layer that is not temporally coherent. The
results presented focus mainly on the extremes, comparing the extreme value of
the post-collapse period to that of the pre-collapse period.

While analysing mean changes in climate indicators provides useful information,
focusing solely on means can mask increases in the intensity and frequency of
extreme events. From a risk management perspective, the extremes often take

on an outsized importance compared to small shifts in the mean climate state.
Extreme climate and weather events can have severe impacts on natural and
human systems, including catastrophic disruption of infrastructure, agriculture and
ecosystems. Metrics such as the frequency of high impact events, return period of
historical extremes, and intensity of record-setting episodes tend to dictate risk
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levels more than incremental changes in averages. The results also include the
impacts of background warming resulting from GHG emissions scenarios. Further
work is needed to disentangle the impacts of SPG collapse and warming.

TABLE A: MODELS EXHIBITING ABRUPT CHANGES IN THE SPG

AGMT of occurrence

Model Scenario Year of occurrence °C)
MRI-ESM2-0 SSp2-4.5 ~2040 ~1.6
CESM2 ssp1-2.6 ~2060 ~2.5
CESM2-WACCM SSp2-4.5 ~2050 23
CESM2-WACCM  ssp1-2.6 ~2040 ~2]
NorESM2-LM ssp1-2.6 ~2035 ~11

Source: Swingedouw et al 2021 and authors’ analysis

Note: The models exhibiting abrupt cooling rank among the 11 best models for representing the
observed stratification in the SPG. Considering only these models we see a risk of encountering an
abrupt cooling event of about 36 per cent. Models in bold text were included in this analysis. We did not
include all five models that exhibit abrupt events as some models are developed in the same institute
(CESM and CESM-WACM) and therefore not entirely independent. We considered only CESM-WACM and
not CESM, as the former exhibits a larger signal.

Extremes from CMIP6

The dataset provides climate extreme indices related to temperature and
precipitation as defined by the Expert Team on Climate Change Detection and
Indices (ETCCDI), as well as selected heat stress indicators (HSI). The indices

are calculated from CMIP6 models that have the necessary daily resolved data.
The heat stress indicators combine near-surface air temperature, near-surface
specific humidity, and surface air pressure to give indications of adverse effects
of heat on human health (Sandstad et al 2022). Other variables like wind or solar
radiation are not considered, so the selected heat stress indicators represent
indoor conditions or calm conditions in the shade. Data is available for MRI-
ESM2-0 and NorESM2-LM. The 20-year mean is calculated for each model and
variable before collapse (calculated from annual mean data). The difference in
the mean and extremes (maximum or minimum) of pre- and post-SPG collapse is
then calculated and plotted.

Presentational format of results

The results are presented as a comparison between the 20-year mean, maximum
and minimum in the pre-collapse period to those in the post-collapse period to
assess the deviation in both averages and extremes due to SPG collapse. All units
are presented as the absolute change (difference) between pre- and post-collapse.

Estimation of the probability of breaching the SPGs tipping threshold under SSPs
The approach here follows that of Abrams et al (2023). We use the tipping

point thresholds summarised in a recent review of the tipping point literature
(Armstrong McKay et al 2022) to construct and constrain probabilities of tipping at
different temperatures. We pair that with model-based estimates of probabilities
of temperature thresholds reached in the Shared Socioeconomic Pathways (SSPs)
to quantify the probability of breaching the temperature threshold over time for
three SSPs (SSP1-2.6, SSP2-4.5, SSP5-8.5) (Riahi et al 2017).

Tipping point threshold probabilities are generated using two probability
distributions. First, we use a uniform (non-informative) prior with the minimum
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and maximum defined based on the minimum (T . ) and maximum (T ) estimated
threshold temperature from Armstrong-McKay et al (2022):
T o)

in’ " max

P(tip|T)=Unif(T

We then fit the data provided by Armstrong-McKay et al (2022) to a lognormal
probability distribution under the assumption that the lower and upper bounds of
the threshold range represent the 5th and 95th percentiles and the best estimate
represents the 50th. We estimate the log mean and log standard deviation and use
these estimates to generate the probability distribution according to:

P(tip|T) = Lognorm(ur, o)

To estimate temperature probabilities, we use the temperature time series results
from the CMIP6 ensemble results for the three SSPs. Using model output we
generate a probability distribution for the temperature in each year (Y) under
each scenario (S). These temperature probabilities are described by a log-normal
distribution:

P(T|Y,S) = Lognorm(uy s, ¢ 5)

where y(vs) is the logarithm of the mean temperature at year, Y, under scenario, S;
and 0y s is the standard deviation. We perform Monte Carlo simulations in which a
threshold temperature is sampled from the P(tip|T) and compared to samples from
P(T|Y,S) for Y and S. If P(T|Y,S) > P(tip|T) the iteration is assigned a 1and if not a 0.
We then compute the mean as the probability of breaching the tipping temperature
thresholds. This process is repeated for each year (Y) under each scenario (S) to
generate a probability distribution time series under each SSP scenario. We then
perform bootstrapping to generate 95 per cent confidence intervals (95CI).

Estimate of impact of growing season length reduction on US crop growing

The US appears to be at risk from reductions in growing season length that
become possible in our SPG scenario. Reductions in growing season may reduce
the overall croppable area. For example, the growing season over the last decade
in Minnesota was 142-164 days, lowa was 160-203 days, Illinois was 160-220 days,
and it was 139-178 days in Nebraska (lowa State University 2024). Together these
four states account for over half of US maize production (USDA 2024). Depending
on variety, maize requires between 80-140 days to mature (FAO 2024). In our
analysis, we assumed that an average of 110 days is needed to mature the crop.

We then looked at the difference between today’s average growing season in key
maize growing states versus the minimum growing season length post-collapse.

In our analysis above (pages 15-17), we have used the difference between the
minimum today versus the minimum post-collapse. In contrast, for this food
analysis, we have elected to compare current average to post-collapse minimum
to reflect that decision-makers are more likely to have an intuitive understanding
of the average conditions of today (defined as the last decade) than knowledge of
the maximum reduction in growing season length that is currently possible. So,
the deviation from average conditions is more intuitive.

The difference between the current average and the minimum growing season
post-collapse ranges between 30 and 90 days, dependent on the state. So, with the
assumption of an average 110 days for crop maturity, we estimated the following
impact on maize growing in key states: maize would stop being viable in Nebraska
(the growing season would fall to 80 to 120 days) and higher yielding varieties
would stop being viable in Minnesota (the growing season would fall to 112 to 134
days), Illinois (season length cut to 110-170 days), and lowa (season length cut to
120-163 days), with parts of these states risky or unviable for any maize crop.
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