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Disruptor #1: Climate: Shocks to come (physical, transition ... or both)

Source: showyourstripes.info.

Notes: Average temperature set as the boundary between blue and red colours, and the colour scale varies from +/- 2.6 standard
deviations of the annual average temperatures over the period.

Global average
surface
temperatures
relative to the
average

temperature,
(1850-2024)

4



Disruptor #1: Climate: Shocks to come (physical, transition ... or both)

Mapping firm exposures to physical hazards Share of insured economic losses caused by weather-related events

Percentage
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Sources ECB/ESRB (2021), Climate-related risk and financial Source: EIOPA dashboard on insurance protection gap for natural catastrophes, European Environment
stability based on AnaCredit, 427, ECB calculations. Notes:
Physical risk hazard scopes reflect a 20-year horizon. www.ecb.europa.eu ©



https://www.esrb.europa.eu/pub/pdf/reports/esrb.climateriskfinancialstability202107%7E79c10eba1a.en.pdf?71a273dc36a85ef05c8bed530466f900
https://www.esrb.europa.eu/pub/pdf/reports/esrb.climateriskfinancialstability202107%7E79c10eba1a.en.pdf?71a273dc36a85ef05c8bed530466f900
https://www.esrb.europa.eu/pub/pdf/reports/esrb.climateriskfinancialstability202107%7E79c10eba1a.en.pdf?71a273dc36a85ef05c8bed530466f900
https://www.esrb.europa.eu/pub/pdf/reports/esrb.climateriskfinancialstability202107%7E79c10eba1a.en.pdf?71a273dc36a85ef05c8bed530466f900
https://www.eiopa.europa.eu/tools-and-data/dashboard-insurance-protection-gap-natural-catastrophes_en

Disruptor #1: Climate: Shocks to come (physical, transition ... or both)

Projections for carbon emissions & warming
(Emissions in gigatonnes of CO2 per year)
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Disruptor #2: Digital finance: Blockchain ... and all its possibilities

Market capitalisation of euro-denominated MiCAR-authorized

Size of USD-denominated stablecoins stablecoins
January 2020-October 2025, USD billions and percentage January 2024-October 2025, EUR millions
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Sources: CoinDesk, IntoTheBlock, CoinMarketCap and
ECB staff calculations. Circulating supply used for
stablecoin market capitalization.




Disruptor #2: Digital finance: Blockchain ... and all its possibilities

Use in crypto-asset ecosystem:

o Transaction within crypto-asset ecosystem and used as so-called “on-/ off- ramp” to move in and
out of other crypto-investments

o Collateral for crypto-asset derivatives and within decentralised finance

Use in tokenisation:

o As potential settlement asset

Use for payments:
o  Cross-Border Payments and Remittances

o  Merchant Payments and E-Commerce

Use as store of value:

o  Access to stable foreign currency (mostly for EMDEs)
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Disruptor #3: Al: Imagining a new steady state, and what of the transition?

FSB: While Al can drive efficiency and innovation, also potential to amplify vulnerabilities:

(i) Third-party dependencies and service provider concentration
eg reliance on a few dominant providers for Al hardware and cloud services

(ii) Market correlations
eg widespread use of similar Al models and training data

(iii) Cyber vulnerabilities
eg lower barriers for cyber criminals, enabling sophisticated attacks, such as model poisoning and disinformation campaigns

(iv) Model risk, data quality and governance
eg lack of explainability of Al models and opaque training data, complicating validation and monitoring

(v) Other factors

eg gen Al facilitating fraud, such as deepfakes, synthetic identities and disinformation campaigns capable of triggering flash
crashes or bank runs

Source: FSB (2024), The financial stability implications of



https://www.fsb.org/uploads/P14112024.pdf
https://www.fsb.org/uploads/P14112024.pdf

Disruptor #3: Al: Imagining a new steady state, and what of the transition?

Stylised development and deployment cycle of Al models

Challenges Opportunities
1.Bias in data 1.Ability to process large,
2 Data poisoning unstructured datasets
3.5ynthetic data 2 Data generation
1 Bias

2 Hallucination
3 .Knowledge cut-off
4 Substantial complexity

1 Less predictability

1 Self-enforced learning
2 Scalability
3 Adaptability

1.Automation of tasks previously
supervised by humans

2.Misuse DePonment 2.Substitute routine tasks

3.0verreliance

3_Efficiency

Source: “The rise of artificial intelligence: benefits and risks for
financial stability”, ECB Financial Stability Review (May 2024)



https://www.ecb.europa.eu/press/financial-stability-publications/fsr/html/ecb.fsr202405%7E7f212449c8.en.html#toc34
https://www.ecb.europa.eu/press/financial-stability-publications/fsr/html/ecb.fsr202405%7E7f212449c8.en.html#toc34

2 | Tracing out implications for
financial stability
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Surveillance and assessment challenges

Time varying correlations
Combined loss likelihood
Warrants contextualising climate shocks

Temporal dimension: Risk buildup

Compound shocks
* Combined loss magnitude
* Warrants interacting climate shocks

* Spatial dimension: Risk materialisation (correlation
nested)

Source: Hiebert and Monnin (2025), “A macroprudential
12



https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/
https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/

Time varying correlations:
Multiple existing approaches to capture

Correlation
models

Statistical Deterministic Stochastic

e.g. Dynamic conditional
correlations, Heston model,
stochastic volatility

e.g. Pearson’srho /
Spearman rank correlation,
cointegration

e.g. Brownian motion, binomial e.g. Transition rates, stochastic
correlations, copulas, time change, contagion default
contagion models modelling

Source: Adapted from Meissner G. (2019). Correlation Risk
Modelling and Management. Risk Books; 2" Edition. (link) 13


https://www.riskbooks.com/correlation-risk-management-and-modelling-2nd-edition

2 | Tracing out implications for financial stability

Compounding shocks:
A conceptual view

Compound direct
economic losses

Macro-

financial e Direct economic

losses from macro-
financial shock

shock

Loss amplification

from interactions

between shocks A Direct economic
losses from climate

Potential triggers
between shocks

Source: Hiebert and Monnin (2025), “A macroprudential
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https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/
https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/

Layering in uncertainty:
Limits to perfect foresight

Epistemic (systematic) uncertainty

* Lack of knowledge or incomplete information

* Reduced through further information or data Q
* Option: Average across different approaches to
reduce scope for misspecification

Aleatory (stochastic) uncertainty

e Intrinsic randomness

¢ Inherent = irreducible

* Option: Seek to understand (even if not reducing)
potential for contingent risk

Source: Hiebert and Monnin (2025), “A macroprudential
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https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/
https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/

Narrative stress testing (deploying suite of models)

l l

In.divid.ual Key institutions within sector
financial (e.g. banking sector)
institution / \ }
entit . Y
ECB climate stress test (top-down)

Emphasis: use of very granular data and NGFS
scenarios for estimates of PDs

ECB economy-wide climate stress test (2021)

ECB/SSM supervisory climate
Examples: stress test (bottom-up)
Emphasis: involving banks and NGFS scenarios

ECB publishes final guide on climate-related and
environmental risks for banks (2022)

ECB transition assessment (top
down)
Emphasis: Focusing on transition risk and energy
modelling over the next 8 years

ECB publishes final guide on climate-related and

environmental risks for banks (2023)

Source: Hiebert and Monnin (2025), “A macroprudential
approach to compound climate risk, LSE Policy Publication (Sep).

T

Entire financial system
(“System wide stress test”)

|

ECB / ESRB system-wide
assessment (top down)

Emphasis: Consistent banking, insurance,
investment funds scenario analyses

he macroprudential challenge of climate change (2022)

ﬂ ECB / EBA / ESMA EIOPA Fit for
55 assessment(top down)

Emphasis: Assess scenarios around Fit for 55
implementation

“Fit-For-55” climate scenario analysis (2024)



https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op281%7E05a7735b1c.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op281%7E05a7735b1c.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op281%7E05a7735b1c.en.pdf
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.esrb.europa.eu/pub/pdf/reports/esrb.ecb.climate_report202207%7E622b791878.en.pdf
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr201127%7E5642b6e68d.en.html
https://www.ecb.europa.eu/press/pr/date/2024/html/ecb.pr241119%7E10b6083ce0.en.html
https://www.ecb.europa.eu/press/pr/date/2024/html/ecb.pr241119%7E10b6083ce0.en.html
https://www.ecb.europa.eu/press/pr/date/2024/html/ecb.pr241119%7E10b6083ce0.en.html
https://www.ecb.europa.eu/press/pr/date/2024/html/ecb.pr241119%7E10b6083ce0.en.html
https://www.ecb.europa.eu/press/pr/date/2024/html/ecb.pr241119%7E10b6083ce0.en.html
https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/
https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/
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Stochastic stress testing (employing blue sky contingencies)

IMF FSAP Mexico (2023): A decision tree approach to modelling climate loss

Figure 6. Transition Policy Scenarios: Schematic
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Source: Hiebert and Monnin (2025), “A macroprudential
approach to compound climate risk, LSE Policy Publication (Sep).



https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/
https://www.lse.ac.uk/granthaminstitute/publication/a-macroprudential-approach-to-compound-climate-risks/

Importance of learning:
Interplay of shocks with prior beliefs

Climate disaster probability: Belief dynamics

All climate disasters Non-climate disasters
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Source: Hale G. and B. Sharma (2024). Climate beliefs and
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Capital (and unexpected loss)

== Historical distribution
Higher mean and variance due to climate shocks
== Average

—

Expected losses Unexpected losses Tail events

Source: ECB/ESRB (2023), Towards macroprudential
frameworks for managing climate risk www.ecb.europa.eu ©



https://www.ecb.europa.eu/press/pr/date/2023/html/ecb.pr231218_1%7E6b3bea9532.en.html
https://www.ecb.europa.eu/press/pr/date/2023/html/ecb.pr231218_1%7E6b3bea9532.en.html

Alternatives to capital based measures

Concentration measures Borrower based measures

Projected decrease in cumulative losses caused by reducing Transmission channels of climate risk to borrow-based measures
concentration to the level of the threshold (75th percentile)

(x-axis: year; y-axis: percentage decrease in losses due to compliance)

10.0% e.g. increase in energy price’s impact
i on borrower’s solvency, depending
.09 ioal EPC of buildi
9.0% { alsoon C of building i JUCE RN DSTI/
Borrower PD \ OTI
8.0% solvency e limits
7.0% e.g. new energy efficiency
i requirements H
6.0% A
5.0% e.g. impact of rising
temperatures on production ———
4.0% Collateral ' \ LTV
. LGD limit
value S’ imits
3.0% e.g. decrease of collateral
value in highly exposed
2.0% areas
1.0%
0.0%

2023 2024 2025

Source: ECB/ESRB (2023), Towards macroprudential frameworks for managing climate risk

Note: Sample of 100 Sls. Calculations based on the new 2023 ECB top-down. High emitting firms are defined as firms scoring above the 75th percentile of relative emissions. If the
thresholds is exceeded, exposures to high emitters are pro rate redistributed to non-high emitting firms until the limit is satisfied. The change in expected losses due to diversification
is then attributed to compliance with the limit.

www.ecb.europa.eu ©


https://www.ecb.europa.eu/press/pr/date/2023/html/ecb.pr231218_1%7E6b3bea9532.en.html

Perimeter

Preserving resilience of banks and non-banks essential in an uncertain environment

Maintain macroprudential buffers, ensure releasability and usability

Policy should remain agile and focus on financial stability

Simplify the supervisory and regulatory framework without compromising resilience

Support completing Basel lll reforms and the banking union

For non-banks

Implement internationally-agreed reforms, e.g. for MMFs

Strengthen NBFI policy framework from a macroprudential perspective

Introduce additional macroprudential tools and enhance policy coordination at EU-level

Progress with the European Commission’s savings and investment union strategy
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1 | Multiple sources of disruption
e Climate
» Digital finance / blockchain
e Artificial Intelligence

2 | A robust financial stability framework
e Surveillance: Mind the correlations (risk buildup)
* Assessment: Mind the interactions (risk materialization)
e ... factoring in uncertainty, and importance of learning

3 | Macroprudential policy options
* Role of capital in leveraged systemic institutions
* Alternative macroprudential policy measures (concentration limits, borrower-based measures)
e Perimeter issues amid growing nonbank financial intermediation
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