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It is a pleasure to open this joint ECB-Bank of England conference.

Bringing together experts across disciplines from 18 countries and three continents to discuss how we
can ensure resilience in an increasingly non-linear world, this event could hardly be more timely.

For much of modern finance, risk management has rested on a simple but consequential assumption:
with enough data, sufficient information about borrower behaviour, robust models and a solid
understanding of historical patterns, banks can estimate the losses they may face with a reasonable
degree of precision.

These estimates inform how banks price risk, set aside provisions for expected losses and determine
how much capital they need to absorb any large, unexpected losses. This approach works well when
the underlying relationships are broadly stable and has long served as a useful basis for managing
financial risks. And of course, today’s modelling is already supplemented by additional layers of risk
management, including model overlays, stress testing, underwriting, risk appetite setting and other
processes.

But the world facing us today is becoming more complex, more interconnected and more uncertain
almost by the day.

Think about geopolitical fragmentation, demographic change, artificial intelligence and quantum
computing and, of course, the central theme of this conference: the risks from the ongoing climate and
nature (C&N) crises.

These macro trends differ in many respects.

They differ in origin.

They differ in scope.

They differ in speed.

Yet they all share a common denominator: they arise in complex and highly interconnected systems,
which often exhibit non-linear behaviour. This means that small changes can spread and trigger
disproportionately large effects. These macro trends can amplify shocks through feedback loops. They
can lead to abrupt transitions through tipping points. Events that were considered remote tail risks
yesterday are moving closer to tomorrow’s baseline.



Addressing non-linearities is undoubtedly challenging but still manageable as long as we remain in the
realm of what is measurable. However, an even bigger challenge arises when we enter a world
characterised by what Frank Knight termed uncertainty, as distinct from risk, or what John Kay and

Mervyn King later popularised as radical uncertainty.[ ] The underlying idea is the same: a form of
uncertainty in which future events, their probabilities and even the relevant outcomes cannot be
measured with any meaningful degree of confidence.

Today I would like to use a simple framework to explore this challenge. The distinction between what
we know, what we know we don’t know, and what we don’t even know we don’t know. Or put
differently: known knowns, known unknowns and unknown unknowns.

The world we know: the known knowns of C&N risks
Let me begin with what we already know about C&N risks.

Over the past decade, banks and supervisors have made substantial progress in identifying,

quantifying and managing C&N risks.[ ]

Together, we have built the foundational architecture needed to capture the known knowns of C&N

risks in risk management, stress testing and scenario analysis.[ ]

Today, we not only see and feel the effects of rising temperatures; increasingly, we can measure them.
Thanks to better tools, better data and better modelling, we are increasingly able to quantify the direct

damage caused to the economy by C&N risks.[ ] Just think about the heavy toll this summers’ extreme

weather took on economic activity, labour productivity[ ] and supply chains.[ ]

Importantly, we also increasingly understand the transmission channels to the financial risk categories
facing banks.

For example, with better climate hazard and geo-location data, banks can better model the financial
impacts of droughts and flooding on traditional financial risk metrics such as loss given default (LGD).

We know banks’ initial estimate of the impact of different transition scenarios on their capital position.

And we also know that since 2022 the average share of interest income earned from carbon-intensive
sectors by significant supervised banks has remained consistently above 70%.

We know the average energy performance of the properties they finance. We know what share of
exposures they have in areas vulnerable to physical risk and what proportion of those exposures, in
turn, has deteriorating credit quality. While many of these impacts still rely on estimates, banks have
made significant strides in recent years, thanks also to the availability of public data sources, which

cover an increasing number of physical risk hazards.[ ]

But as important as this progress is, it only tells part of the story.[ ]

We know that many of the C&N risks that matter most are, by their very nature, forward-looking. And
we know that because these risks are very different from past events, they are not fully understood
and remain difficult to quantify.
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The progress made so far therefore provides a springboard for a more difficult, but necessary
conversation: a conversation about some of the fundamental challenges of these risks and uncertainty,
a conversation not only about what we know, but also about what we know we do not yet know.

What remains uncertain: the known unknowns of C&N risks
And that brings me to the second category in our framework: the known unknowns.

These are risks that we know exist, but whose timing, magnitude or probabilities remain uncertain.

This is not a new challenge. Economic forecasting operates in a similar environment. The economy,
like the climate, is a complex adaptive system. We cannot forecast it with precision, but we can
explore plausible scenarios and assess our resilience against them.

C&N risks provide several examples:

We know that tipping points exist but we do not know exactly when they will be reached. Worryingly,
scientists have identified several components of the Earth system for which the tipping point may
already be approaching, including the dieback of the Amazon rainforest and the collapse of the Atlantic
Meridional Overturning Circulation.

We also know that compound events can amplify impact. We do not know precisely how such
interactions will unfold. A severe drought will likely occur alongside a heatwave. Water scarcity could
coincide with a major agricultural disruption. Physical damage could occur simultaneously with

pressures on energy systems.[ ]

And we know that nature degradation can affect economic activity through complex and
interconnected channels. We know that humanity is living well beyond most of its planetary

boundaries.[ ] In fact, seven of the nine planetary boundaries have already been transgressed. What
remains uncertain is how these forces may interact, amplify each other and ultimately propagate
through the economy and the financial system.

In all these examples we run into a fundamental problem: the future impacts of climate change and
nature degradation are, by definition, not reflected in the historical data used in traditional risk analysis.

Using scenario analysis to address known unknowns
When dealing with uncertainty, scenario analysis is an indispensable tool. Scenarios are best
understood not as forecasts, but rather as structured explorations of plausible futures. Their purpose is
not to tell us what will happen, but to help us think more systematically about what could happen. They
allow us to identify vulnerabilities, test assumptions and investigate transmission channels that may
otherwise remain hidden.

Encouragingly, climate scenario analysis has advanced considerably in recent years. The Network for
Greening the Financial System (NGFS) scenarios have become the global reference point for
assessing how climate change may affect economies and financial systems over both short and long
horizons. These scenarios have evolved to encompass a wider range of risks while also providing
financial projections. By offering a publicly accessible set of scenarios, they have significantly
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improved the capacity of the central banking community to quantify climate risks in a consistent,
transparent and comparable manner across jurisdictions.

But scenarios are a starting point, not an endpoint. When facing uncertainty, we need to avoid a
scenario “tunnel vision’’ where risk identification and capital planning becomes anchored to a narrow
set of scenario narratives. With heightened uncertainty, the objective of scenarios should not only be
to explore baseline pathways, but also to investigate how vulnerabilities might be exposed under
extreme yet plausible conditions.

And we know that the current climate scenarios have their limitations.

As Simon Sharpe has observed, scientists are trained not to overstate risks, while risk managers are
trained not to underestimate them. This distinction also matters for climate models designed by
scientists. These models capture what can be quantified robustly, but not necessarily everything
scientists know is likely to occur.

Take thawing permafrost, for example. The Intergovernmental Panel on Climate Change (IPCC)
concludes with high confidence that further warming will cause further thaw, thus releasing more
carbon. Yet most global climate models do not represent this feedback directly. The separate
adjustment used in the latest assessment still excludes abrupt thaw and interactions with Arctic
wildfires. Research suggests that nature’s own emissions from thawing permafrost or wildfires could

add as much as 0.6°C in an adverse scenario.[ ] Similar limitations apply to additional emissions from
warming wetlands and freshwater systems. Moreover, local transmission channels often differ
substantially from global averages.

The prudent conclusion is therefore to recognise that even the best available projections cannot yet
fully capture every piece of relevant feedback, including some that are already well established. This is
precisely why scenario analysis matters.

Scenarios need to be tailored to local contexts, challenged and complemented with expert judgement.
This is also why the NGFS encourages a more thoughtful and decision-relevant use of scenarios,

rather than seeing climate scenarios as a box-ticking exercise.[ ] Scenarios must be applied, not just
adopted. They must be challenged, not just run.

Many banks are still at a relatively early stage of integrating C&N risks into their core risk models. As a
result, climate stress tests and scenario analysis are often used in the internal capital adequacy
assessment process (ICAAP) primarily to calibrate buffers for risks that would otherwise not be
covered. Yet these exercises only cover all the risk drivers that banks themselves deem material in
around 15% of cases. At the same time, all the limitations and underestimations I have just mentioned
also apply. It is therefore increasingly important that banks demonstrate a clear understanding of these
limitations and that they take action early to build resilience and reduce their vulnerability to these
growing risks over time.

Scenarios must evolve, which requires a culture of continuous improvement, regular updates and
close interaction between supervisors, practitioners and the research community. And that is precisely
where this conference – which brings together experts across disciplines spanning the scientific and
supervisory community – is invaluable because it can help to address some challenging questions.
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For example, how should supervisors and banks adapt scenario analysis in a world where uncertainty,
non-linearity and tipping points cannot be fully captured by models? We look forward to hearing input
you may have on the most effective ways to communicate model limitations, broaden the range of
scenarios considered, and ensure climate risk assessments remain decision-relevant despite deep
uncertainty.

Or what role do expert judgement and tail-focused scenarios play in complementing quantitative
analysis, and which risks require greater attention at the system level rather than at the institution
level?

And how can C&N risk analysis be translated into bank risk management, strategic decision-making
and supervisory actions where banks underestimate risks?

Radical uncertainty: building resilience for the unknown unknowns
of the climate and nature crises
Scenarios are well suited to exploring known unknowns, but they are less able to address radical
uncertainty. This brings me to the third category: genuine unknown unknowns.

The challenge with unknown unknowns is not only that we struggle to estimate probabilities or
magnitudes, but that we do not yet know all the relevant states of the world and possible outcomes.

We don’t even know what all the complex interactions between climate systems, ecosystems,
societies and financial markets will be, so there’s no way we can actually measure them.

We don’t yet know about all the complex feedback loops that only become visible once a shock
unfolds.

And we do not yet know about all the transmission channels that only emerge once critical thresholds
have been crossed.

But worryingly, there is growing evidence that the climate and nature crises are unfolding faster and
more severely than expected, which may indicate that some of the complex interactions I mentioned
might be coming our way sooner than we thought:

Consider that the Arctic is warming at almost four times and Europe at roughly twice the global

average,[ ] while the most intense rainfall events are in some cases increasing faster than
conventional climate models have captured. The Earth is also accumulating heat at a rate that recent

observations suggest is higher than many model simulations anticipated.[ ]

In September the United Nations warned that El Niño is colliding with an already exceptionally warm

planet, creating what it described as “being supersized before our eyes”.[ ]

Ocean heat has reached record levels, and the pace of ocean warming over the past two decades has
been markedly faster than in earlier periods, suggesting that the earth's capacity to absorb excess

heat may be changing in ways that we don’t fully understand.[ ] Similarly, ecosystems are losing

resilience, in some cases faster than earlier assessments anticipated.[ ] Coral reefs, forests and
wetlands are under growing pressure, weakening nature’s capacity to absorb shocks and increasing
the risk of cascading impacts across ecological and economic systems.
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Until recently, many of these developments were poorly understood. Others may become visible only
as shocks unfold and previously hidden interactions emerge. Their complex interactions cannot be
fully anticipated, let alone incorporated into scenarios that capture every interaction across the climate,
ecosystems, economies and financial markets. This brings us back to Simon Sharpe’s distinction.
Scientific rigour requires caution in describing what cannot yet be demonstrated. Risk management
requires similar caution in assuming that what cannot yet be modelled can be safely ignored. This is
the realm of radical uncertainty rather than measurable risk. And repeated surprises on the upside
should make us cautious about assuming that what remains unknown will be benign.

The answer to unknown unknowns is therefore not just scenarios or risk modelling, but to build
resilience against surprises. Resilience is not something we build after a disaster. Instead, it is
something we invest in before shocks occur. Building resilience obviously includes maintaining
sufficient capital, liquidity, operational capacity and strategic flexibility to absorb shocks that cannot be
predicted in advance. But it is also about having a well-developed and risk-sensitive reaction function.
This includes actively reflecting on what further role other layers of risk management, including
underwriting, model overrides, risk appetite setting, portfolio steering and pricing could play. It also
includes reflecting on the range of risk mitigants, such as insurance protection and governments’ more
limited fiscal space to act as insurers of last resort. It also includes reflecting on climate adaptation and
mitigation investment, and on how these investments can be deployed effectively to address longer-
term risks. It also includes banks testing their reaction function regularly through scenarios and
analysis of business model resilience to ensure their governance and decision-making structures are
capable of responding swiftly when the risk landscape changes. This is at the heart of prudential

transition planning.[ ]

Lessons for other macro trends subject to uncertainty
And this brings me to my final point.

Climate and nature-related risks are perhaps the clearest manifestation of non-linear dynamics and
heightened uncertainty. But they are far from being the only one.

The insights from addressing these challenges in climate risk are also relevant for other macro trends
and risk drivers affecting banks, such as technological innovation, demographic change and
geopolitical risks, to name just a few.

As European banking supervision highlighted in its 2026-28 supervisory priorities, heightened
uncertainty is a cross-cutting challenge spanning several risk areas, making the likelihood of extreme
tail risks unprecedently high. Similarly to C&N risks, tackling these trends will require interdisciplinary
cooperation well beyond prudential authorities.

Take demography as a structural risk driver.[ ] Now that supervisors have learned to analyse the
drivers of C&N risk, they can build on the progress to interpret demographic trajectories as a structural
risk driver affecting banks’ business models and risk profiles.

Take rapid advances in artificial intelligence that have increased cyber and operational resilience risks.
We know that these developments are already altering the cyber risk landscape, but we do not yet
know the exact magnitude with which they will unfold. This is a classic known unknown for which
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backward-looking information alone is not useful. Yet this does not prevent supervisors from taking

action.[ ]

Or take quantum computing as an example of a technology with non-linear effects. Quantum risk to
cryptography is already a risk given that sensitive, encrypted information can be collected today and
stored with the expectation that future technological advances may allow it to be decrypted in a
“harvest now, decrypt later” fashion, leading to non-linear consequences.

All these macro trends have a common denominator: uncertainty. There is uncertainty about the

timing, impact, transmission channels and consequently the data and modelling challenges.[ ]

All of these macro trends could also have an impact on the sustainability of banks’ business models.
They therefore all need an upscaled risk management framework, with scenario capabilities as a core
pillar to help banks stay resilient and competitive over time.

Conclusion
Let me conclude.

For much of modern finance, risk management has focused on understanding and measuring risks.

That remains indispensable. But in an increasingly complex and interconnected world, building
resilience requires more than that.

If risk management is like driving along a winding mountain road, preparedness is not just about being
able to react when a cliff suddenly appears. It is about having guardrails and contingency measures in
place for when the road may veer dangerously close to the edge.

For known knowns, our task is to measure.

For known unknowns, our task is to prepare.

And for unknown unknowns, our task is to build resilience.

When reality repeatedly surprises us on the upside, prudence requires us to be careful about
assuming that the risks we have not yet identified will somehow be benign.

This conference, which brings together experts across disciplines, is an opportunity to deepen our
understanding on all three fronts: on where we can sharpen our focus on what we can already identify
and quantify, on where we need to further illuminate uncertainties that warrant further exploration, and
on where we can strengthen resilience to weather radical uncertainty.

Thank you for your attention and I look forward to the fruitful discussion.
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