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Abstract

Model Risk Management frameworks were designed for a deployment environment in which human
review sat between model output and consequential decision. Artificial intelligence is changing the
scale, speed and opacity of model use in ways those frameworks were not built to handle. Financial
services developed the most mature model risk governance discipline of any industry sector — built on
decades of regulatory pressure arising from the leveraged nature of the business, the centrality of
models to core decisions, and the systemic consequences of failure. This article examines how that
discipline is being tested by Al deployment conditions, where the frameworks fall short across UK and
European banking and insurance practice, and what the cross-sector diffusion of Al decision-making
implies for sectors now encountering equivalent risks without equivalent governance. The comparison
with the United States — where SR 26-2, the April 2026 revision of SR 11-7, explicitly excludes generative
and agentic Al from scope — functions as the control case: the jurisdiction that has declared the gap
openly, where European supervisors have answered it by restating the frameworks they already have.
The implications land, across European jurisdictions, on the named individuals who carry personal
accountability for model risk in their institutions. The central claim is that Al does not merely strain
these frameworks; in practice and in regulatory intent, they do not reach it, and no jurisdiction
examined here has yet redesigned for that fact.

Exclusion from scope is not exclusion from consequence. The models are deployed. The decisions
are being made.
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The validation gap

A system produces a confident output. The output is wrong. No one in the decision chain has reviewed whether the assumptions
beneath the output still hold, or whether the decisions and actions the output suggests are appropriate ones. Both halves of that
sentence matter. A model is not correct because its mathematics are correct; it is correct when the decisions taken on the
strength of it are sound. A model can be mathematically valid and still be the wrong model for the decision at hand. Using a valid
model in circumstances it was never approved for is as much a modelling failure, and as much a matter for validation, as a wrong
formula. That is the failure mode this article examines — and it is arriving in financial services, and in every other sector deploying
Al to make consequential decisions, faster than the governance around it is adapting.

Financial services has the most developed answer to that failure mode of any industry sector. The answer is called Model Risk
Management (MRM), and it was built over three decades of regulatory pressure, crisis response and accumulated governance
failure. Its institutions, frameworks and vocabulary are mature. They are also, under current Al deployment conditions, being
outpaced.

That is the argument within financial services. This article also makes a cross-sector argument. Al is not deploying only in banks
and insurance companies. It is deploying in hospitals, transport systems, benefit assessments, and criminal justice — in every
domain where models now inform or take consequential decisions. The governance that follows that deployment, outside
financial services, ranges from nascent to absent. The failure modes it produces are, in many cases, familiar to anyone who has
spent time in MRM.

The sector that has thought hardest about what happens when models fail is therefore in a position to say something useful to
sectors that are now encountering the same problems for the first time. Sections 2 to 3 establish the financial services position:
what MRM was built to do and why financial services developed the discipline, and how Al changes the conditions it operates
under. Section 4 examines the cross-sector picture: where Al governance in other sectors currently stands, what failure modes it
shares with the FS experience, and what each side might learn from the other. Section 5 addresses the accountability question,
and the specific individuals who carry it across European jurisdictions, before turning to what the model risk management
profession needs to examine next. The argument that runs through all of it is that the frameworks financial services built have not
failed on their own terms — they have been left behind by what they now govern, and no jurisdiction has yet redesigned for that
fact.
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What Model Risk Management was developed to do

The regulatory genealogy in financial services

MRM did not emerge from abstract governance thinking. It emerged from the discovery, repeatedly and at cost, that models used
to make consequential financial decisions could be wrong in ways that were not visible until they were catastrophic.

The earliest formal model requirements in banking arose from the use of internal models to calculate capital for market risk. The
1996 Market Risk Amendment to Basel | permitted banks to use internal Value-at-Risk models to determine their market risk
capital requirement, subject to supervisory approval and quantitative standards set by the Basel Committee on Banking
Supervision. The requirements went beyond the mathematics. Supervisors expected demonstrable board and senior management
oversight of the model programme — not technical competence, but informed accountability for whether the institution had the
capabilities required to use internal models responsibly. They required documented backtesting of VaR forecasts against actual
profit and loss outcomes, creating an empirical feedback loop that had not previously existed in regulatory capital frameworks.
And they introduced stress testing as a formal discipline: systematic examination of how the model performed under conditions it
was not calibrated to expect. These three requirements — board accountability, backtesting, and stress testing — became, and
remain, the structural foundations of every MRM framework built since.

Board accountability Backtesting Stress testing

Not technical competence — Documented testing of VaR Systematic examination of how
informed accountability for forecasts against realised P&L: the model performs under
whether the institution could use the first empirical feedback loop conditions it was not calibrated to
internal models responsibly. in regulatory capital. expect.

Fig. 1 — The three foundations of every MRM framework since 1996

Basel Il (2004) extended internal model use substantially. The Internal Ratings-Based approach for credit risk and the Advanced
Measurement Approach for operational risk embedded models still more deeply into capital adequacy, with validation
requirements carrying direct regulatory consequence. For insurance, the development that followed was not incidental. Solvency
Il — the European regulatory framework for insurance and reinsurance — is the direct extension of Basel Il thinking into internal
capital modelling. Articles 120 to 126 of the Directive impose ongoing obligations for insurers using internal models to calculate
their Solvency Capital Requirement (the buffer an insurer must hold to be confident it can pay future claims): regular validation,
performance monitoring, documentation standards, and governance oversight. The requirement that firms demonstrate the
model is genuinely used in business decision-making — not merely maintained for regulatory calculation — runs through Solvency
II's Internal Model Approval Process in the same spirit as the IRB use test in banking. Both frameworks rest on the same
conviction: governance exists only if the model is genuinely embedded in how the institution thinks, not merely in how it reports.

The Global Financial Crisis of 2007-09 was the decisive event. The models that had priced mortgage-backed securities, assessed
counterparty credit exposures and estimated tail risks had, in aggregate, produced a structurally unstable financial system while
appearing to justify it. The political response was global. At the G20 London Summit in April 2009, the Financial Stability Forum —
the existing international body for regulatory cooperation — was upgraded to the Financial Stability Board, with an expanded
mandate and membership. The FSB's role was coordination: setting the direction, identifying the gaps, and pressing national
regulators to close them — including through the development of general MRM standards — as part of the broader Basel reform
agenda.

The substantive early work on MRM specifically was concentrated in the United States, and for reasons that were not accidental.
The causes of the Global Financial Crisis were largely located in US financial markets — the origination and securitisation of
subprime mortgages, the ratings models that had mispriced the resulting securities, the internal risk models that had permitted
institutions to hold inadequate capital against their exposures. The US political environment in the aftermath was supportive of
stricter regulation in ways that proved durable, producing Dodd-Frank in 2010 and, in April 2011, Supervisory Letter SR 11-7 —
the Federal Reserve and Office of the Comptroller of the Currency's joint guidance on MRM. SR 11-7 was not the only regulatory
development of the period, but it was the most comprehensive and explicit statement of what a serious MRM framework
requires, and it set the direction that other jurisdictions have followed. It was revised in April 2026 as SR 26-2; that revision, and
what it now leaves out, is examined in Section 3.
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European supervisors have followed, and in some respects have gone further. The European Central Bank, acting through the
Single Supervisory Mechanism, is explicit about the scope of MRM expectations. Chapter 4 of the ECB Guide to Internal Models
states that a comprehensive MRM framework is expected to apply to all models across the institution, regardless of whether they
are used for regulatory capital calculation. Models supporting business decision-making, financial reporting, asset pricing, or
operational automation are all within scope and must be logged and governed within the bank's MRM inventory. This is a
significant extension beyond the Basel capital framework's original intention: it applies the Basel disciplines to the full model
population, not merely the regulated subset.

The route by which it arrives there is worth noticing. The ECB is the prudential supervisor for banks across the euro area, and the
broadest statement of its MRM expectations sits inside a guide written for internal capital models — and, within that guide, the
extension to all models in use is made in a footnote. The supervisor has taken the back door. Whether by design or by accident, it
is the internal model function that now carries the institution's general model risk expectations, and increasingly its Al
expectations with them — a connection this article returns to in Section 3.

A third wave of requirements has emerged not from financial stability concerns but from conduct-of-business ones. The first two
waves — Basel internal capital models, then the Global Financial Crisis response — were primarily about institutional soundness
and systemic risk. The third is about customer outcomes and the fairness of automated decisions. In Test-Achats (C-236/09,
2011), the Court of Justice of the European Union struck down the use of gender as an actuarial factor in insurance pricing,
requiring insurers to abandon a pricing variable that had been standard practice across the industry. In SCHUFA (C-634/21,
2023), the same court held that producing an automated credit score determinative of a lending decision constitutes profiling
under Article 22 of the General Data Protection Regulation (GDPR), requiring meaningful human review before the decision is
acted upon. Both rulings were made during the UK's membership of the European Union and remain binding precedent in UK law.
The EU Al Act, which entered into force in 2024, extends this logic further, imposing risk-based requirements — risk assessment,
human oversight, documentation, transparency — on Al systems in high-risk use cases including credit scoring and insurance
pricing. The vocabulary is different from MRM — human oversight is effective challenge, documentation is the inventory, risk
assessment is validation — but the requirements are the same.

One - 1996- Basel | / Basel Il internal Board accountability, backtesting, use testing, stress testing, validation tied to regulatory
2004 capital models consequence.

Two - 2007-  Global Financial Crisis SR 11-7 (2011): the first comprehensive MRM framework, covering the whole model

11 universe of an organisation, and the FSB's coordinated reform agenda.

Three - Conduct-of-business Test-Achats, SCHUFA and the EU Al Act extend model governance to fairness and
2011-24 rulings and the Al Act automated decisions — different vocabulary, same concepts.

Fig. 2 — Three waves of MRM requirement, 1996-2024

Why financial services leads

This regulatory accumulation did not happen in financial services by accident. Three features of the industry created both the
exposure and the pressure to develop governance responses earlier and more thoroughly than any other sector.

The first is leverage. Financial institutions borrow heavily against relatively thin capital bases to generate returns. The
consequence is that model error does not merely produce a bad outcome — it can produce an existential one. A model that
incorrectly estimates credit losses by a few percentage points can, in a sufficiently leveraged institution, transform a solvent
balance sheet into an insolvent one before management has time to respond. The relationship between model accuracy and
institutional survival is direct in a way it is not in most other sectors.

The second is model centrality. Banks and insurance companies do not use models as decision-support tools alongside other
sources of judgement. Models are the core of the business. Credit decisions are model outputs. Insurance pricing is a model
output. Risk capital is a model output. Trading positions are assessed, hedged and reported through model outputs. The
institution's stated financial position at any point in time is, to a significant degree, a function of what its models say. That is a
different relationship to models than a hospital that uses an Al diagnostic tool or a government department that uses a predictive
algorithm — and it creates a correspondingly different relationship to model failure.

Of the many risk categories where model flaws create problems, liquidity risk has grown most critical. A model that fails to
capture the speed at which funding can be withdrawn, or the correlation of liquidity stresses across institutions, can leave
management believing they have adequate buffers when they do not. Liquidity crises materialise in hours, not weeks, which
means the window between model failure and institutional consequence is shorter than in almost any other risk category. This
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was at the heart of the Global Financial Crisis — not just credit model failures, but the liquidity model failures that prevented
institutions from seeing how rapidly their position was deteriorating.

The third is systemic and societal risk. The 2008 crisis demonstrated that model failure in financial services does not stay within
the institution. It propagates — through interconnections between institutions, through credit markets, into the real economy and
onto households that had no exposure to financial modelling whatsoever. That propagation created a regulatory mandate with
unusual breadth. For the largest institutions — those classified as systemically important — an additional dimension applies: the
implicit expectation, confirmed in crisis after crisis, that the state will not permit them to fail. The implied guarantee that attaches
to a systemically important financial institution means that the risk of model failure is ultimately socialised. Regulators govern
model risk in these institutions not only on behalf of depositors and policyholders, but on behalf of the taxpayers who stand
behind them.

Together, these three features — leverage, model centrality, and systemic risk with its implicit state guarantee — created a
regulatory mandate with no equivalent in any other industry. The mandate is what produced the MRM discipline as we have it.

Leverage Model centrality Systemic risk

Model error does not merely Credit decisions, insurance Failure propagates through
produce a bad outcome — in a pricing and risk capital are model interconnected institutions and
leveraged institution it can outputs, not model-assisted carries an implicit state guarantee
produce an existential one. judgements. for the largest firms.

Fig. 3 — Why financial services developed MRM before any other sector

The architecture that emerged

The foundational text of modern MRM as a governance discipline is SR 11-7, issued by the Federal Reserve and the OCC in April
2011. It matters to a European audience for a specific reason: it is the first and most comprehensive regulatory statement of what
a serious MRM framework requires, and it set the direction that the PRA's SS1/23 and the ECB's supervisory expectations have
followed. Understanding SR 11-7 is not about following US rules — it is about understanding the conceptual foundation on which
the European frameworks rest.

SR 11-7 defines a model as "a quantitative method, system, or approach that applies statistical, economic, financial, or
mathematical theories, techniques, and assumptions to transform input data into quantitative estimates." Everything else in the
discipline — in every jurisdiction that has developed a framework — hangs off that definition. A model, in this conception, is a
simplified, relatively static representation of real-world relationships: built by identifiable people, on identifiable assumptions,
producing outputs whose reliability can be assessed by examining the construction.

Three distinct but interrelated structures follow from that conception. The first is the model inventory: a comprehensive record of
every model in use — methodology, data sources, risk rating, validation status, known limitations. The inventory is foundational to
the whole programme, because it is the institution's answer to a question that is simple to pose and hard to answer: what is
deployed, to what purpose, on what assumptions? Nothing downstream works without it.

The second is validation. Validation is not the redoing of the work by a different pair of hands, though it can include that. It is the
search for tests that reveal where the model's use is not valid — profit and loss attribution, backtesting against realised outcomes,
stress testing under conditions the model was not calibrated to expect. For machine learning models specifically, that toolkit
extends to explainability techniques such as SHAP, which attribute a model's output to its contributing features, and
discrimination metrics such as AUC, which measure how well a model separates the outcomes it is meant to distinguish. That
work does not have to be performed by someone independent, and the development team should be doing it first, as a matter of
course. Validation asks where this model stops working.

The third is effective challenge: review by parties with the standing, competence and incentive to find what is wrong, separate
from the development function. Independence belongs here, to the challenge — not to the definition of validation itself. The two
are routinely combined in practice, which is sensible, and routinely conflated in framework discussions, which is not. An
institution that treats "validation" and "independence" as the same word has already lost the distinction that makes each of them
useful.
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The inventory Validation Effective challenge

A comprehensive record of every The search for tests that reveal Review by parties with the
model in use. Foundational: where a model's use is not valid — standing, competence and
nothing downstream works not the redoing of the work by incentive to find what is wrong.
without it. someone else. Independence belongs here.

Fig. 4 — The three structures of an MRM programme

Within FS practice, model users themselves bear primary responsibility for the models they use. Independent challenge is a
second line function — it does not substitute for the responsibility of the business to understand and own its models. The Basel
11/Solvency Il use test crystallises this: an insurer must demonstrate that the internal model is genuinely embedded in business
decisions, not merely maintained for regulatory calculation. Governance without genuine use is not governance.

The United Kingdom arrived at the same architecture through SS1/23, issued by the PRA in 2023. Its formal scope is banks,
building societies and designated investment firms with internal model permissions — insurers are not within it. But the PRA was
explicit in the accompanying policy statement that all firms, regardless of size or sector, are expected to manage the risks
associated with models, and that firms outside the formal scope should review the principles in their entirety. SS1/23 sits in the
banking supervisory materials; it functions as the PRA's statement of what managed model risk looks like across its regulated
population. And it has one feature that matters for everything that follows: under Principle 2, responsibility for the MRM
framework is allocated to a named Senior Management Function (SMF) holder, providing initial and ongoing annual attestations of
compliance. Model risk in a UK bank is not owned by a committee. It is owned by a person, by name, on the record. That
allocation sits inside the Senior Managers and Certification Regime (SMCR), the accountability architecture the UK built after the
financial crisis; European jurisdictions have developed analogous structures. All of them express the same post-crisis principle:
named individuals, not institutional processes, carry accountability for the risks that can bring institutions down. The SMCR is the
mechanism by which everything in Section 5 of this article lands on a desk.

The EU insurance framework sets this architecture in its most demanding form. Under Solvency Il, an insurer using an internal
model to calculate its Solvency Capital Requirement must obtain regulatory approval through the Internal Model Approval
Process. The Own Risk and Solvency Assessment (ORSA) connects model output directly to the institution's capital decisions —
the model is not advisory, it determines the capital position.

Named individual Named desks

Principle 2 allocates MRM responsibility to a named The CRO owns ongoing internal-model validation; the
Senior Management Function holder, with initial and board approves the ORSA. The ORSA connects model
annual attestations, inside the SMCR. output directly to the capital position.

Fig. 5 — Where personal accountability lands, UK vs EU

It is worth being precise about what board engagement in this framework actually means. Getting a board genuinely engaged with
complex models is hard, and the expectation is not that board members understand the mathematics. The expectation is three
things: that the board can satisfy itself the organisation has the capabilities required to build and govern models responsibly; that
the governance structure is robust enough to prevent the biases that can be embedded in model assumptions from passing
unexamined through the institution; and that the board understands and owns the business assumptions built into the models —
the commercial and strategic judgements that sit beneath the mathematics. The third is the most important and the most
frequently underexamined.

Where validation is performed independently, it carries a tension at its centre that is rarely named. Validators need independence
from the development team — but they also need to have genuinely engaged with the model, developed their own analytical
approaches, and tested changes to modules and assumptions in practice. A validator who has read the documentation but not
worked the model is not performing the function the framework requires. A validator who has worked the model closely risks
compromising the independence that makes the challenge effective. Both conditions are required simultaneously, and they pull in
opposite directions. Institutions that resolve this tension by treating validation as a formal review of completed documentation
have not implemented effective challenge. They have implemented the appearance of it.
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The question of what validation should actually produce is also underspecified in most framework discussions. Finding errors and
faults is part of the function — but they should be the exception, not the purpose. A development process that is producing
models with systematic errors is a governance problem that precedes validation. Identifying improvements is legitimate, but a
validator who recommends specific changes risks becoming a shadow developer — compromising independence and creating
ambiguity about who is responsible for what the model does. The most important output of a validation exercise is a defined and
relatively narrow scope of application: the specific conditions, data environments and use cases for which the model is approved.
Validation does not certify that a model works. It certifies that a model works in these circumstances, for these purposes, on
these assumptions.

Both banking and insurance practice rest on one assumption so basic it is rarely stated: a human being who understands the
model's construction stands between the model's output and the consequential decision. Validation assumes a reviewable
artefact. Effective challenge assumes a challenger who can interrogate the construction. The inventory assumes the institution
knows what it is running. Every mechanism in both is, at bottom, a way of organising informed human review.
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How AI changes the conditions

This section is not an argument that Al is risky in general terms. General unease does not meet the standard of a governance
argument. It is a specific examination of five ways Al deployment alters the conditions under which model risk frameworks
operate, followed by the gaps those changes open in the frameworks themselves.

Speed & vibe coding Model-building outpaces the population who can be questioned about construction.
Self-modification The validated model is not, in any meaningful sense, the model now running.
Direct-to-execution Closes the human gap every governance mechanism is built around.

Documentation decay A model can become unreliable with no explicit change to code or parameters.
Classification “The Al” is not a discrete object — an inventory of parts is not an inventory of the machine.

Fig. 6 — Five ways AI breaks MRM's operating assumptions

Speed and the vibe coding problem

Al development tools have compressed model development timelines from months to weeks, and in some cases to days.
Validation cycles have not compressed with them: industry practice remains in the range of six to twenty-four weeks. Meanwhile
the number of models in use at financial institutions has been growing at approximately 25 per cent per year. The arithmetic is
unforgiving. An inventory and validation regime designed for a stable population of slowly changing models cannot be maintained
at the pace of current deployment. The queue grows faster than the review capacity, and institutions face a choice the
frameworks never anticipated: slow deployment to the speed of governance, or let governance fall behind the speed of
deployment.

Industry validation cycle — unchanged Growth in models deployed at financial institutions
Fig. 7 — The arithmetic behind the speed problem

The speed problem has a second dimension that compounds the first. The practice now described as "vibe coding" — generating
working code through large language model prompts without requiring the developer to understand the code produced — has
extended model-building capacity well beyond the population of people who could previously build models. The governance
condition the MRM frameworks assume is not merely that models are built carefully; it is that models are built by people who
understand them, and can therefore be questioned about their construction by a validator who understands them. Vibe coding
breaks that condition before a model reaches the validation queue. There may be no one in the institution who could perform the
review the framework assumes.

Self-modification

The traditional validation paradigm assumes a model is a fixed artefact: built at one point in time, validated, and then stable until
an explicit change triggers revalidation. Some Al systems violate this assumption in a more fundamental way than mere output
variability. They are capable of modifying their own parameters — updating their behaviour in response to new data without any
explicit code change initiated by a human developer. The model that was validated is not, in any meaningful sense, the model that
is now running.

This property — self-modification in response to environmental inputs or changes — is a design feature, not a malfunction. A
model that learns continuously from new data and updates its behaviour accordingly is doing what it was built to do. But it breaks
the foundational assumption of point-in-time validation. The validation report attests to a version of the model that may no longer
exist by the time the report is filed. For an insurer, the consequence runs directly into the internal model: Solvency Il validation
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standards were written for systems whose behaviour is stable between validation cycles. A self-modifying system cannot satisfy
that assumption by design.

Direct-to-execution

Every MRM framework ever written rests on a single structural assumption: a model produces an output and a human decides
what to do with it. The model informs; the human acts. Independent validation, effective challenge, the attestation regime —
every governance mechanism in the discipline is built around the existence of a gap between output and consequence, occupied
by a human who exercises judgement.

Al systems with agentic capability close that gap entirely. A system that identifies a trading opportunity and executes it, assesses
a customer and opens an account, generates a compliance submission and files it — in each case the decision is made and the
consequence follows without a human review point. There is nowhere in the process for the effective challenge the frameworks
require, because the process no longer contains a human competent to make that challenge, or any human at all.

SR 26-2, in excluding agentic Al from scope, has at least acknowledged this problem explicitly. $51/23's technology-agnostic
framing covers agentic Al in principle — but "covered in principle" and "designed to govern" are different things. The governance
mechanisms in SS1/23 all presuppose a human standing somewhere between model output and decision. For agentic systems,
that presupposition is false.

Documentation decay and the limits of validation

Under the traditional paradigm, a model validated as sound at deployment stays sound until something identifiable changes — a
recalibration, a code change, a data source switch. The validation is point-in-time because the model is point-in-time. Al systems
decay differently. A model can become unreliable without any explicit change to its code or parameters, as the world it was
trained on drifts away from the world it is scoring. Industry analysis of current practice puts it plainly: Al model documentation
may be technically accurate at the moment it is written and meaningfully outdated three months later. A validation regime whose
unit of assurance is the point-in-time review cannot, by construction, address decay between reviews. This is the temporal gap,
and it is the reason the validation report becomes a statement about the past presented as assurance about the present.

The problem is compounded for large language models specifically. LLMs are non-deterministic: the same input can produce a
different output on a different run, so there is no single canonical output for a validator to test against. They are also opaque, and
drift between validation cycles in ways that are difficult to detect without continuous monitoring. Explainability techniques such
as SHAP, built for models with a stable, attributable feature set, strain against systems that are compound, self-modifying or
generative, where there may be no fixed set of features left to attribute an output to. The PRA's roundtable on Al and model risk
in October 2025 was unequivocal on this point: some behaviours only emerge in production. As Section 3.3 established for
agentic systems, that gap can close entirely even short of full autonomous execution: by the time you find out, the model has
already made the decision. At scale. Probably thousands of times. That is a categorically different risk profile to a credit scoring
model that produces a wrong output on a single application.

For an insurer, this is not a documentation problem. The ORSA carries model output into the capital decision, which means
assumption decay between validation cycles becomes a capital adequacy problem — one that no mechanism in the framework
requires anybody to notice, because the validation report is not yet due.

The classification problem

The most basic requirement of model governance is knowing what is a model. Here the discipline is failing at the threshold. The
single most common SR 11-7 examination finding for machine learning models in 2024-25 was inadequate model inventory —
and the dominant reason was classification. Large language models deployed in customer service, document processing and
compliance functions were categorised as "tools" rather than "models" and excluded from the inventory entirely.

The model-versus-tool debate is a symptom of rules-based regulation: where a framework defines its scope through precise
definitions, institutions facing ambiguity resolve it in the direction that creates less work. In a principles-based system — which
UK and European frameworks are — the obligation is different. The question is not whether a system technically satisfies a
definitional threshold, but whether it is doing what a model does: transforming inputs into estimates that inform consequential
decisions. A system that does that belongs in the inventory, whatever it is called. There is no published evidence that UK and
European institutions are classifying more rigorously than their US counterparts. Breadth of principle on paper does not
automatically produce completeness of inventory in practice. That gap is worth sitting with rather than resolving too quickly. A
principles-based system puts the interpretive burden on the firm rather than on a precise definition — and that interpretive
burden depends on exactly the expertise Section 4.4 goes on to describe as depleting under the same deployment pressure that
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is expanding the model estate. Breadth of principle is not self-executing; it requires people able to exercise the judgement it
presupposes.

The classification problem has a harder form still, and it is the one that breaks the inventory concept rather than merely straining
it. The inventory assumes discrete, identifiable models — things you can point at and enter on a register. Al capability is
increasingly deployed as compound systems: a generative layer interfacing with an underlying credit-scoring or pricing model, an
orchestration layer routing between several models, retrieval systems feeding context into a language model. Where a generative
layer sits on top of a traditional model, the underlying model can be validated — but the compound system as actually deployed is
not governed. The component is validated; the system is not. The difficulty is no longer deciding whether a system counts as a
model. It is that "the Al" is not a discrete object at all: it is a compound in the model landscape, and an inventory of parts is not an
inventory of the machine.

Three postures

The five changes above leave every jurisdiction facing the same question: what does an existing framework say about systems it
was not written for? The three major regulatory postures differ in form while converging in outcome.

United States - SR Explicit exclusion Generative and agentic Al excluded from scope; RFI promised, no timeline.
26-2

United Kingdom - Technology-agnostic Formal coverage in principle; how it applies to compound, self-modifying
SS1/23 incompleteness systems is being discovered firm by firm.

Europe - ECB & Reabsorption into existing The qualitative change is named; the remedy is the governance machinery
EIOPA requirements that already exists.

Fig. 8 — Three regulatory postures, one outcome

SS1/23 is technology-agnostic and outcomes-focused, which gives it formal coverage of Al systems. But it was written before
widespread generative Al deployment, and formal coverage is not the same as designed coverage. The October 2025 roundtables,
spanning banking and insurance Chief Risk Officers, are the PRA working out in conversation what the guidance does not yet say
— and their composition is the point: this is not a banking posture but a UK one, applied across the sectors the PRA supervises.
The principles apply; how they apply to non-deterministic, self-modifying, compound, agentic systems is currently being
discovered firm by firm.

European banking supervision has answered in a different register. "Technology is neutral, governance is not" is the title of a
February 2026 keynote by Pedro Machado of the ECB's Supervisory Board — and the speech concedes, in terms, that Al
introduces "qualitative changes that cannot be addressed simply by expanding the existing frameworks." The remedy it then
prescribes is exactly that expansion: clear accountability for Al-driven decisions, effective senior management oversight, robust
challenge through the three lines of defence, consistent with the existing governance guidelines of the EBA (European Banking
Authority). "Al does not dilute responsibility. If anything, it raises the bar." There are no Al-specific model risk rules for European
banks beyond the internal capital model framework; the expectations are holistic, and they rest on the governance machinery
that already exists. The qualitative change is named. The answer is more of what was already required.

European insurance supervision has now spoken in the same register. In August 2025, EIOPA published its Opinion on Al
governance and risk management — interpretative guidance that, by its own terms, "does not set out new requirements." The
Opinion maps Al back onto the existing sectoral legislation — Solvency Il's governance provisions, the Insurance Distribution
Directive, and DORA (the EU's Digital Operational Resilience Act) — and places responsibility for the overall use of Al systems
squarely with the administrative, management or supervisory body. It is not blind to the new phenomena: the autonomy of an Al
system is an impact-assessment criterion, and undertakings are expected to monitor for model drift and data degradation. But its
answer to those phenomena is the existing machinery, applied proportionately. And it does not touch the internal model. Nothing
in the Opinion addresses generative or self-modifying systems within internal model approval or ongoing validation — the place
where Solvency Il connects model output to the capital position, and where the temporal gap bites hardest.

The United States has made the gap explicit. SR 26-2 excludes generative Al and agentic Al from scope, promises a Request for
Information without a timeline, and narrows its applicability to institutions with over $30 billion in assets — so at the moment the
model population is expanding fastest, the population of supervised institutions is contracting. For UK and European readers, the
comparison cuts two ways. The US exclusion is more honest about the gap; the principles-based framing of UK and European
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frameworks is more demanding about who owns it. A US institution can point to the scope statement. A European senior manager
cannot.

Three postures — explicit exclusion in the US, technology-agnostic incompleteness in the UK, reabsorption into existing
requirements in Europe — and one identical outcome. The European posture is the one that most needs naming, because it is the
least visible: an assumption of analogy. It holds that rules written for one kind of model apply, by extension, to another; that a
framework built for simplified, relatively static representations reaches systems that are compound, probabilistic and self-
modifying, provided the same governance is applied with more diligence. That assumption is the subject of this article, and our
argument is that it does not hold. In each of the three jurisdictions, the governing guidance acknowledges the problem while
declining to redesign for it. The frameworks have not failed. They have been left behind, and the leaving-behind has been
documented by the regulators themselves.

The European posture is the one that most needs naming, because it is the least visible: an
assumption of analogy.
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Cross-sector implications

The preceding sections have examined how model risk governance is being tested in financial services. That examination is
valuable in its own right. But its wider significance depends on a further question: is the financial services experience unique, or is
it the leading edge of something that is now spreading to every domain in which Al makes consequential decisions?

The answer matters for the readership of this article specifically. If the failure modes appearing in financial services are
recognisable across sectors — if the inventory problem, the temporal gap and the classification problem are arriving in healthcare,
transport and public administration in forms a model risk practitioner would immediately identify — then the discipline has
something to offer those sectors. And if those sectors are encountering failure modes that FS frameworks have not yet
confronted, the exchange runs in both directions.

Where models are making decisions outside financial services

The deployment of Al decision systems beyond financial services has been rapid and, in governance terms, largely ungoverned.
Four sectors illustrate the range and the pattern.

SECTOR

Healthcare

Al diagnostic systems are in clinical use for radiology, pathology and ophthalmology. Regulatory posture is nascent, and in
the UK the regulator — the MHRA (Medicines and Healthcare products Regulatory Agency) — is building its approach in
public. Its Al Airlock, a regulatory sandbox for Al as a medical device launched in 2024, exists precisely because the
existing device framework was not designed for probabilistic, self-updating systems; a new Al-specific framework has
been promised but not yet delivered. In the EU, clinical Al sits under the Medical Device Regulation and now also the Al
Act, two regimes whose interaction is still being worked out. The FDA faces the same strain in the United States. The
classification problem is direct — whether a clinical Al is a software-as-a-medical-device, a clinical decision support tool, or
a data-processing system determines the governance that applies, and there is no settled standard for making that
classification. This is the same classification problem producing inventory failures in banks. The failure mode is identical;
the vocabulary to address it does not yet exist in the clinical domain.

SECTOR
Criminal justice

Risk assessment algorithms inform custody, sentencing and parole decisions on both sides of the Atlantic. In the UK,
Durham Constabulary's Harm Assessment Risk Tool — a random forest model built on around 104,000 custody events,
using 34 predictors including residential postcode data — informed custody decisions from 2016. Its independent
validation told a story any model risk practitioner would recognise: overall accuracy fell from 68.5 per cent at construction
to 62.8 per cent on out-of-sample data, and for the cases that mattered most — those with actual high-risk outcomes —
from 72.6 per cent to 52.7 per cent. The model performed worst precisely where its consequences were largest, and the
degradation was invisible from the instrument itself. ProPublica's 2016 analysis of the US COMPAS algorithm, a
recidivism-scoring tool used in sentencing and parole decisions, found the same shape of failure: recidivism scores
unreliable across demographic groups in ways not visible from the instrument's documentation. This is the validation gap
in a different domain — a model producing confident outputs, consequential decisions following, and the assumptions
beneath the outputs unexamined at the point of use. The structural failure is exactly what the model risk frameworks were
written to prevent. The observation here is about governance failure, not about the broader question of whether risk-
scoring tools belong in criminal justice — that is a separate and contested question.
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SECTOR

Energy and utilities

The Iberian blackout of 28 April 2025 demonstrated what assumption failure looks like in critical infrastructure. The expert
panel convened by ENTSO-E, the European network of transmission system operators, concluded in its final report that
the collapse of the Spanish and Portuguese grids was not a one-off failure with a single cause. It was the product of many
interacting factors — oscillations, gaps in voltage and reactive power control — and, most tellingly, of recurrent mismatches
between the reactive power the system expected users to provide and what those users actually delivered in real time.
The failure was not simply one of engineering. It was one of assumptions: the grid was being operated on a model of
component behaviour that no longer matched the components. The propagation logic — assumptions inadequately tested
against the conditions that materialised, failure arriving faster than response could be organised, consequences borne by
households with no involvement in the modelling — will be familiar to anyone who has thought about systemic risk in
financial services. The validation discipline is not there. There are engineering safety frameworks and sector regulators, but
nothing equivalent to independent model validation with a structured challenge function and a documented inventory.

SECTOR

Public sector

The UK government's use of algorithmic systems in benefit assessment and immigration decisions has produced well-
documented failures. The Universal Credit calculation models run by the Department for Work and Pensions (DWP) and
the Home Office's visa decision algorithms have each, at various points, produced outcomes that regulators or courts
subsequently found to be wrong or discriminatory in ways the decision-making process had not surfaced. The governance
picture shares features with the FS inventory problem: models deployed at scale, informing consequential decisions,
without systematic independent validation of whether the assumptions underlying those decisions remain valid.

Familiar failures, or new beasts?

The cross-sector survey above suggests a clear answer. The failure modes appearing in other sectors are largely recognisable to
financial services practitioners. The inventory problem appears in every sector surveyed. The temporal gap — validation that is
point-in-time for systems that change continuously — is structural across healthcare diagnostics, criminal justice risk tools and
public sector algorithms. The classification problem is producing the same outcome in clinical Al as in FS: systems that inform
consequential decisions sitting outside the governance perimeter.

What differs is not the failure mode but the pace of consequence. In a leveraged FS institution, model failure can become a
capital event within hours. In healthcare, a misclassified imaging result harms one patient. In criminal justice, a flawed risk score
contributes to one unjust decision. The individual harm may be more direct in the non-FS case; the aggregate and systemic harm
is more rapid in FS. Both matter. The governing question — is there a human who understood the model's assumptions, reviewed
its outputs, and stood between the output and the consequence? — is the same question in every domain.

Financial services Other sectors
A leveraged institution can turn model failure into a Harm lands on one patient, one unjust decision — more
capital event within hours. direct, less systemically rapid.

Fig. 9 — Same failure mode, different speed of consequence

There is, however, one failure mode in the non-FS picture that FS frameworks have not yet fully confronted: the erosion of the
expertise that was the precondition for governance. In sectors where Al is replacing professional judgement — clinical diagnosis,
legal risk assessment, benefit determination — the practitioners whose expertise would have constituted the effective challenge
function are being removed from the decision process before governance frameworks are built to replace them. FS MRM practice
assumes validators exist who understand model construction. In a sector where models are built without anyone fully
understanding them, and deployed into professional domains where practitioners once exercised equivalent judgement, the
governance precondition is gone.
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What financial services can learn from outside

The exchange is not one-directional. Sectors that have confronted algorithmic governance problems earlier, or in more publicly
contested ways, have produced evidence and arguments that MRM practitioners would benefit from examining.

The criminal justice and public sector literature on algorithmic fairness — the regulatory record of bodies such as the UK's Centre
for Data Ethics and Innovation, and the analytical work of researchers including Cathy O'Neil — has engaged seriously with
questions FS governance practice has tended to treat as separate from MRM. What does it mean for a model to be fair? How
should the population affected by a model's decisions be represented in its validation? What are the limits of quantitative model
assessment for systems whose social consequences are not capturable in the model's own metrics?

These questions are not foreign to financial services — discriminatory pricing and credit allocation are active regulatory concerns
— but governance practice has addressed them through conduct rules rather than through the MRM framework itself. The cross-
sector literature suggests they belong inside the governance conversation, not adjacent to it. The EU Al Act, by imposing
requirements around bias testing and fundamental rights impact assessment for high-risk Al systems, is already pushing in this
direction. An MRM framework that does not engage with these questions will find itself addressed by a parallel regulatory stream
that will.

The convergence of model risk and people and culture

There is a risk category dimension to the cross-sector picture that the standard MRM framework does not address, and that the
Al deployment environment is making impossible to ignore. Model risk, as the discipline has developed it, is a technical and
governance risk. The question it asks is whether the model is doing what it is supposed to do and whether the governance around
it is sufficient to know. It does not ask what happens to the people whose work the model is replacing, or to the organisational
culture in which the model operates, or to the expertise that was the precondition for governance.

But model risk has a use dimension that is equally important. MRM is not only concerned with whether a model is technically
correct — it is concerned with whether the model is being used correctly for any particular purpose. A technically valid model used
in the wrong circumstances is a model risk event. The model is right; the application is wrong. Two and two make four, but two
oranges and two bananas do not make four sunny days in December. The governance challenge is not just to validate the model,
but to define and enforce the conditions under which it may be used — and to maintain the organisational capability to recognise
when those conditions are not met.

Al deployment is making both of these challenges harder simultaneously. When a model takes decisions that were previously
made by professionals exercising individual judgement, two things happen together. The model carries the technical risk. And the
organisation loses, or is losing, the human expertise that would have caught the model's failures — including failures of
application, not just failures of construction — before they became consequential.

Technology reinforces this dynamic in ways that are rarely governed. Analytical systems create organisational silos: teams that
operate the model without understanding it, separated from teams that built it and no longer maintain it, with the institutional
knowledge that connected both groups long since departed. Staff get de-skilled by the systems they run. The focus shifts from
producing the right output to keeping the machine operational. A related pattern shows up repeatedly in practice: the function
building and deploying the system is often eager to adopt it and largely unaccountable for what it produces, while the function
that would own accuracy, validation and suitability — the people closest to the decision — decline the responsibility, judging it too
technically demanding for them to carry. Both positions are individually defensible. Together they leave accountability for the
model's actual behaviour with no one, which slows deployment as much as any formal governance gap does. The effective
challenge function — which MRM frameworks treat as a governance mechanism — was, in practice, also a cultural feature: the
willingness and capacity of experienced people to push back on model outputs when those outputs conflicted with their
professional judgement. That capacity does not survive the removal of those people from the process.

An institution that has replaced underwriting judgement with a model, credit assessment with a model, and compliance review
with a model — across a sufficiently short period that the people who held those capabilities have left — has not merely changed
its governance structure. It has changed its culture in a way that governance structure cannot compensate for. The model
inventory does not capture the departure of the person who would have caught the inventory error.

The model inventory does not capture the departure of the person who would have caught the
inventory error.

Healthcare is encountering this acutely: as Al diagnostic tools become more capable than the average clinician in specific
domains, the incentive to train the clinical expertise that would validate the Al's outputs is eroded. The validator who would have

provided effective challenge in the clinical domain is not being trained because the model is, on average, better. When the model
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is wrong — as models are, including models that are usually better than the average human — there may be no one left who would
have caught it. Financial services is not immune to the same progression.

The systems financial services does not build

There is a further respect in which this is not a financial services problem, and it may be the most consequential of all. Most of the
Al that will shape financial services over the next decade will not be built inside banks and insurance companies. It will be built by
technology companies, data firms and platform providers — organisations outside the FS regulatory perimeter, without the
governance culture that perimeter has produced, and selling into financial institutions as vendors.

That is a genuinely novel situation for an industry that has always owned its own models, governed its own assumptions, and
validated its own outputs. Every mechanism described in Section 2 assumes the institution can interrogate the construction of
what it runs: the inventory assumes a knowable estate, validation assumes tests that can be devised and run against the thing
itself, effective challenge assumes a challenger with access. A model bought as a service, built on a foundation model the vendor
does not fully explain, trained on data the institution cannot inspect, updated on a release schedule the institution does not set,
satisfies none of those assumptions. The governance frameworks were not designed for it. Neither were the accountability
structures.

The consequence for the named individual is stark, and it generalises well beyond financial services. A senior manager can be held
personally accountable for the behaviour of a system whose development, training data, update cadence and failure modes are
determined by a supplier — one who is not within the regulatory perimeter, and who has no attestation to sign. Contractual
assurance is not the same as governance. The hospital deploying a diagnostic tool, the police force deploying a risk instrument,
the department deploying an eligibility model are all in the identical position: accountable for what the system does, and
dependent on an organisation outside their governance regime for the ability to know it. The party carrying the accountability is
not the party determining the behaviour. Across every sector examined in this section, that separation is now the normal case
rather than the exception.

The party carrying the accountability is not the party determining the behaviour.
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The accountability question and what the profession
needs to examine

Suppose the diagnostic set out in Section 3.6 — that the frameworks have not failed but have been left behind — is correct. Now
consider who signs.

Under SS1/23 Principle 2, a named SMF holder attests — initially and then annually — that the institution's MRM framework is in
place and effective. The attestation is personal. It sits within the SMCR, the structure the UK built after the financial crisis
precisely so that accountability could not dissolve into committees. In insurance, the structure is differently expressed but lands
on the same desks: the CRO (Chief Risk Officer) who owns the internal model's ongoing validation, the board that approves the
ORSA, the individuals whose names are attached to the capital adequacy conclusion. Across European jurisdictions, analogous
frameworks place named individuals on the record for equivalent risks.

Here is the problem the preceding sections create for that signature. An attestation of effective MRM is, implicitly, an attestation

about five things: that the institution knows what models it is running; that those models behave as validated; that the validation

is current in substance and not merely in date; that no model is taking consequential decisions without a human review point; and
that the expertise to perform independent challenge of the model estate remains present within the institution. Sections 3 and 4

give reasons to doubt all five under current deployment conditions.

The institution knows what
models it is running

Those models behave as
validated

Validation is current in
substance, not merely in date

No model takes consequential
decisions without a human
review point

Independent-challenge
expertise remains present in
the institution

Fig. 10 — What an MRM attestation implicitly claims

The attestation can therefore be sincere and wrong. The SMF holder signs on the basis of a clean validation report, a populated
inventory, a completed cycle — every mechanism functioning as designed — while the conditions the mechanisms were designed
for no longer hold. This is not a failure of diligence. It is a gap between what the governance measures and what the risk now is.
The signature attests to the machinery; the machinery no longer reaches the risk.

The institutional consequences follow the signature upward. Boards rely on the attestation when they approve model risk
appetite. The ORSA carries model output into the capital decision; if assumptions have decayed unreviewed, the capital
conclusion inherits the decay. Supervisors rely on the attestation regime as the substitute for examining every model themselves
— that is the point of an outcomes-focused approach. Each layer of reliance is reasonable on its own terms. Stacked, they mean
that one quietly expired assumption can pass through validation report, attestation, board approval and supervisory review
without any person along the chain being required to ask whether the model's construction still justifies its confidence.

The UK's position is genuinely distinctive. The US has parked the question — out of scope, Request for Information to follow. UK
senior managers do not have that option. The technology-agnostic framing of SS1/23 means the new systems are already inside
the attestation perimeter, governed by principles written before those systems existed. The individuals signing are carrying an
accountability the guidance has not yet caught up with. The CRO community's posture on attesting over GenAl-era model estates
is, at the time of writing, one of the more consequential unanswered questions in European financial governance.
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Parked

Out of scope, Request for Information to follow, no

Already inside the perimeter

Governed by principles written before these systems

timeline set. existed — no equivalent opt-out.

Fig. 11 — Parked vs already inside the perimeter

The governance professionals best placed to address this are, by their own account, uncertain how it will work. That uncertainty is
honest and important. It is also the starting point for what the profession needs to examine.

Five things follow from the diagnostic, and we put them forward as a work programme rather than as observations. Each is a live
question rather than a settled answer, but each requires an answer, and requires one soon. Each proposition also carries a
countervailing risk: over-specifying governance for systems whose value lies partly in their adaptiveness could constrain the
capability financial services is trying to responsibly deploy. The work programme that follows should be read with that tension in
view, not as a case for maximal caution. The people who must ultimately supply it are the people who sign — the SMF holders,
chief risk officers and board members carrying personal accountability for model risk. It is not, however, work that belongs to
financial services alone. Section 4 established that the same questions are arriving in healthcare, criminal justice, energy and
public administration, in sectors with no equivalent discipline to bring to them. We would encourage practitioners, supervisors
and professional bodies across those sectors to take the programme up as their own.

A FIVE-POINT WORK PROGRAMME

Renegotiate the definition of a
model.

Replace point-in-time validation
as the unit of assurance.

Extend the inventory to
compound systems.

Examine the relationship

The definition governs the perimeter, and it was written for artefacts that
no longer describe what is being deployed.

The temporal structure of MRM — validation cycle, periodic review,
annual attestation — is a design question, not a tooling question.

Validating components does not constitute validating the system they
comprise, and compound systems are where the consequential
deployments now sit.

Personal accountability and principles-based model risk are each

between the attestation regime defensible; together, under Al conditions, they place named individuals on

and the validation regime —
before an event tests it.

the record for risks the machinery beneath them no longer reaches.

The expertise at the centre of effective challenge is depleted by the same
deployment decisions that grow the model estate.

Develop a position on the
convergence of model risk with

people and culture risk.

Fig. 12 — The profession's work programme

Each of the five is set out below.

The definition of "model" in governance frameworks requires renegotiation. Systems that are dynamic, probabilistic and capable
of autonomous adaptation do not fit a definition written for simplified, relatively static representations — and the classification
problem documented in Section 3 shows that institutions are already resolving the ambiguity in the direction of less governance.
Whether renegotiation proceeds through revised definitions, parallel structures for Al systems, or new principles is the field's live
guestion. That it must proceed is not.

Point-in-time validation is inadequate for systems whose assumptions can drift without code change and whose parameters can
self-modify between review cycles. The temporal structure of MRM — the validation cycle, the periodic review, the annual
attestation — requires examination as a design question. This is a governance problem, not a technology problem, and treating it
as a tooling matter to be solved by monitoring software would repeat the original error of mistaking mechanism for assurance.
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The inventory concept must extend to compound systems. Validating components does not constitute validating the system they
comprise. Acknowledging the complexity of hybrid architectures — as SR 26-2 has done, partially — is not a governance answer.
European supervisors have begun to acknowledge it too: EIOPA expects undertakings to assess the connections between Al
systems, and the ECB has named the dependency structure of generative Al as a supervisory concern. But acknowledgment is not
an answer either, and the gap is precisely where the most consequential deployments now sit.

The relationship between the attestation regime and the validation regime requires examination before it is tested by an event.
The UK chose personal accountability as its post-crisis governance instrument, and chose principles over rules as its model risk
instrument. Each choice is defensible. Together, under Al deployment conditions, they place named individuals on the record for
risks the validation machinery beneath them no longer fully reaches. Whether the answer is revised attestation language, explicit
scope statements, continuous assurance standards, or supervisory clarity about what the signature does and does not warrant —
that conversation belongs to the profession, and it is cheaper to have it now than after the first attestation is examined in
hindsight.

The MRM discipline needs to develop a position on the convergence of model risk and people and culture risk. The human
expertise at the centre of effective challenge is not an infinite resource. It is depleted by the same deployment decisions that
grow the model estate. The profession that has thought hardest about what happens when models fail is well placed to say what
it means when the capability to govern model failure is itself eroding.

That last point opens onto something larger. The financial services industry has spent thirty years building expertise in how to
govern consequential models. That expertise — in validation methodology, in governance architecture, in the cultural
requirements of effective challenge — is genuinely transferable. Other sectors now face the same problems, at speed, without the
accumulated discipline. Financial services practitioners have something to offer.

But the transfer does not run only in one direction. Section 4.5 set out the harder truth alongside it: financial services is becoming
a receiver of systems developed outside its own perimeter, and the expertise it has accumulated will need to work in that
direction too — not just sharing practice with other sectors, but learning to govern systems whose development it did not control.
Every sector deploying Al at consequence is in the same position, and none of them has yet built the governance for it.

That is the conversation that matters, and it will not resolve itself.
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